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DISCLAIMER 


The authors, and no other entity, are solely responsible for the contents of 
this publication. The demonstrations and other descriptions of equipment 
and some chemicals contained in this notebook have been compiled using 
sources believed to be reliable and to represent the best opinion on the 
subject as of 1992. However, no warranty, guarantee, or representation is 
made by the authors nor by Dick and Rae, Inc. nor by any other entity as to 
the correctness or sufficiency of any information herein. Neither the authors 
nor Dick and Rae, Inc., nor any other entity assumes any responsibility or 
liability for the use of information herein, nor can it be assumed that all 
necessary warnings and precautionary measures are contained in this 
publication. Other or additional information or measures may be required or 
desirable because of particular or exceptional conditions or circumstances or 
because of new or changed legislation. Teachers and demonstrators must 
develop and follow procedures for the safe handling of equipment and 
chemicals in accordance with local regulations and requirements. 


Copyright 1993 by Dick and Rae, Inc., Lexington, Virginia 24450-0304 


All rights reserved. No part of this book may be reproduced, without the permission of the 
publisher, in any form or by any means, except items expressly marked "Reproduction Permitted". 
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“Let me see some note-taking, please... 
I’m not doing this for the fun of it, you know!” 


DEDICATED TO THOSE WHO SEEK 
THE PHUN IN PHYSICS 


Used by Permission of Don Addis 


INTRODUCTION 
Background 


This notebook had its origin in the seventies at the demo workshops held for college teachers by 
the U.S. Naval Academy under sponsorship of the National Science Foundation. Dick and Rae 
attended in separate years and were inspired by the excitement that about 40 demonstrators can 
produce when sharing demos. That series of three workshops ended in 1972. Dick and Rae felt 
there was a need for high school teachers to share in this exciting demo experience. Over the last 
two decades sixteen summer workshops have been held, eight with the support from the National 
Science Foundation (NSF). Most were designed for high school physics teachers, but others were 
for a variety of teachers ranging from college physics teachers to middle school science teachers 
and science museum demonstrators. Key elements of the VMI workshops have been the showing 
of demos from the VMI notebook, construction of demos to take home, and the sharing of demos 
by each participant. The philosophy has been that if a picture is worth 1000 words, a live demo, 
well done, is worth many more. 


Evolution of the Notebook 


A notebook was an essential part of each course. The book began as a crude office machine copy 
of pages with Polaroid photos and very brief description. The quality of participants has been 
outstanding and, during our course sessions of sharing demos, they have shown us some of their 
best and most exciting. We soon learned to focus on ones using the simplest of equipment, quick- 
to-set-up and easy to adjust. Sufficient inquiries were received about purchasing the notebook 
alone that we began about five years ago to plan a format which would make it both understand- 
able and useful to those who had not been in the VMI workshops. This included more demos 
(~660), new and clearer photos and close-ups (~ 710), how to do the demo, something on 
construction and a bit of explanation about the result with a few equations for those less well 
grounded in physics. And, finally, so many good ideas have appeared in The Physics Teacher (TPT) 
and, to a lesser extent, in the American Journal of Physics (AJP), that we tried to assemble one or 
more references (~ 760) for each demo in the book to supplement the theory, show a variation, or 
a new demo covering the same topic. About 550 references are from TPT, mostly in the last 
decade. In this same period about 175 came from AJP - most of these dealing with theory or the 
more esoteric aspects of demos. These data confirm our recommendation that there is a wealth 
of material for physics demonstrators in the journals, especially in TPT. 


HOW TO USE THIS NOTEBOOK 


Demo Criteria 


Several broad criteria guided this book. Demos take time but they should not be replaced by videos 
except in rare instances where slow motion or special effects are needed. Photos show the demo, 
often in action, and clarify the dimensions of the apparatus and how it is both used and 
constructed. We learned early, and sadly on occasions, NEVER to put one in the book we had not 
tried personally. Some we have used for decades! Most demos can be used for a wide range of 
ages - kindergarten to retirement homes! Usually it is only the level of the explanation which must 
be fitted to the audience. Some can be used as "gee whiz" for civic clubs and the very young; 
some deserve explanations with equations to illustrate; and a few are appropriate for graduate level 
courses. We intended the book to serve all these categories of users. In general the material is 
targeted to senior high school and college teachers of physics. 


Page Heading 


To accommodate the widest range of topics and to facilitate the location of a demo for a particular 
lesson, a page contains a topic, sub-topic, demo title and demo number. These are broken down 
first by field, taken in the usual order for an undergraduate course for science or engineering majors: 
M-mechanics, F-fluids, H-heat, W-waves and sound, E-electricity, B-magnetism, O-optics, and S- 
modern physics and space science. The topic, in the upper left corner in BOLD CAPS, often 
corresponds to a chapter heading or heading of a major section in a text. The sub-topic, just 
beneath the topic in the upper left and in Bold Lowercase, corresponds to sub-sections in a text 
chapter. At the upper right is a demo number in BOLD CAPS. It is used in lieu of page numbers 


and sufficient numbers have been skipped to allow for future additions (and editions!). Also in the 
upper right is a title which ties directly to the items shown in the photo(s). If two demos are 
identical in topic and subtopic and closely related in concept, they may be grouped two per page 
with the title reflecting both. The Table of Contents is likewise arranged by field, topic, sub-topic 
(indented) and title in contrasting type with bold demo numbers. The Table of Contents is the 
quickest way to locate your demo-of-the day. Should you be so fortunate as to have a demo setup 
person, the demo number with picture clearly shows what you want prepared. 


Page Layout 


Because each picture is sized differently and because enlarging or reducing photos is expensive, we 
have fitted the comments on doing and constructing to start at photo edge. To conserve space, 
and leave you a place for notes on most pages, we have eliminated articles such as "the" and have 
used abbreviations freely. Often a line or two of equations have been shown to further clarify the 
concepts. To reduce the cost of fancy type-setting, the Greek symbols and often the subscripts and 
superscripts have been written in by hand. No attempt has been made to produce a slick, fancy 
production, but rather a highly USEFUL one. 


PLEASE READ EVERY SECTION ON SAFETY CAREFULLY so as to avoid accidents of all 
kinds - mechanical, electrical, chemical, laser, X-ray, etc. General safety practices in doing demos 
for students and public audiences are here in the front. Specific warnings are placed with demos 
which require your professional judgment and care. IF YOU SHARE THIS BOOK WITH A STUDENT, 
it should be your responsibility to caution the student about those demos having a safety note. In 
such cases, DICK and RAE ask you to check over the apparatus before the student begins the demo 
and be physically present to warn of any UNSAFE LAB PROCEDURES. 


The references include other demos related to the topic/subtopic on this page. They may also 
provide additional theory or comments on how to perform the demo or how to enlarge it into an 
experiment. The comments following the reference should aid you in deciding whether you wish 
to look it up for more detail. 


At the bottom of the page, "Ease of Setup/Construction /", is a broad assessment of time and 
effort for setup and construction. "A/B", for example, is quick to set up but may require somewhat 
more time to construct (or more costly to purchase). "C/A" requires careful adjustment of a demo 
which required virtually no construction, nor did it have to be purchased. A "C" rating on 
construction usually means either primary or ancillary equipment must be purchased commercially. 
The type faces have been varied to attract attention. 


At the very bottom is our copyright notice. Clearly we are not copyrighting the demos or the ideas, 
because many of them have been around for a century! Others have been in the "public domain 
(of the physicist)" for years but have been explained or enlarged upon in the journals. Still others 
are great ideas from one of you, seen at a meeting, improved in the showing or in the construction 
by others whose names have been forgotten. Rather we are identifying this page layout, photo, 
and reference material so that pages cannot be legally photocopied and used repeatedly. 
Commercial publishers were not interested in contracting with us because the market is small and 
specialized. Publishing ourselves is an expensive undertaking. Please use the demos and 
disseminate them to others, but don’t photocopy our pages. You can buy a copy and have clear 
pictures for little more than the cost of photocopying and getting poor pictures. A few pages have 
a clear "Reproduction Permitted" to allow you to produce a transparency for classroom use. 


DEMO ROOM ARRANGEMENT 


Nothing is quite so frustrating as having a storage room full of demos none of which can be readily 
located. Dick, as part of an NSF college science improvement grant, took pains to arrange the VMI 
storage by field (M-F-H-W-E-B-O-S) so that vertical sections carry alphabetical letters, around the 
room, while shelves carry numbers, with "1" being the bottom shelf. In this way each piece of 
apparatus has sticker on it or an inked or painted letter (sometimes a double letter) and a number 
which guides all those using the room in replacing that particular apparatus to a clearly identified 
region of less than a cubic meter. Similarly, a computer-based inventory (formerly a 3x5 card file) 
lists apparatus alphabetically by name and location to assist new users or summer workshop 
participants. 


OTHER DEMO BOOK RESOURCES 


The following additional resources are recommended: 


Sutton, R., Demonstration Experiments in Physics, McGraw-Hill, New York (1938) - One of the 
best ever written. Exquisite demos some of which can now be done more easily with newer 
materials or apparatus. Well worth perusing and now available as a reprint from AAPT. 


Freier, G.D. and Anderson, F.J., A Demonstration Handbook for Physics, AAPT, College Park, 
MD (1972), 2nd Ed.(1980) - One of the best collections of simple demos. However we felt there 
was a need for more hints on doing the demo and constructing it along with photos rather than 
drawings. Worth the price for the ideas and the caricatures of the demonstrator, who is similar 
to Prof. Freier’s cartoon character of TPT fame. Dick and Rae are especially grateful for his 
permission to use "George" extensively. 


Meiners, H., ed. Physics Demonstration Experiments, Ronald Press (1970) 2 vols.- Probably the 
largest collection of any, each well documented as to construction. Unfortunately, many require 
extensive skill and shop facilities to fabricate; quite beyond the capabilities of high school and 
many undergraduate teachers and shop facilities. 


Edge, R.D., String and Sticky Tape Experiments, AAPT, College Park, MD (1981) - This one uses 
the simplest materials of any we have seen and with good physics. Sometimes they are a bit 
too crude. Most are designed as experiments rather than demos but the line of demarkation 
between these two is quite grey. 


Walker, Carroll, Davis, and Berg, The Video Encyclodepia of Physics Demonstrations, The 
Education Group (1992) - Beautifully done by some of the best demonstrators in the nation, 600 
demos on laserdisc. Cost of $2995 is quite out of budget range for many. 


Ehrlich, R. - Turning the World Inside Out, Princeton Univ. Press, Princeton, NJ, (1990) - 175 
simple, low cost demos with notes on performing and constructing. 


Jones, E.G., Physics Demonstrations and Experiments for High School, Physics Dept., MS State 
Univ. (1984), 104 pgs. - Materials, procedure and limited sketches. 


ACKNOWLEDGEMENTS 
Teachers 


Many of the demos here came from our workshop participants; teachers in college, high school and 
middle school, who impressed upon us the need for demos simple to construct, quick to set up and 
requiring very little adjustment. They shared them freely with us and with their colleagues, 
encouraged us to prepare this book, and made constructive criticisms in the early versions. Demos 
are circulated via meetings and journals; some are ancient with new wrinkles added. The 
originators are usually unknown. We mentioned you when we knew and apologize to those about 
whom we did not know. 


Colleges 


Foremost is Virginia Military Institute which has consistently provided us the use of its demonstra- 
tion apparatus for workshops and for on-the-road demo programs. VMI provided summer travel 
grants for both of us to view demos elsewhere and awarded Rae a semester’s leave for faculty 
development to organize this notebook. The assistance of its lab technicians, Ivan W. Branch, 
Steve Zollman and Theodore Kesler made it possible to construct and photograph numerous demos. 
Our summer workshops could not have been conducted without them. Some of the custodial staff 
participated in the photographing and a few photos include workshop participants. George Chung, 
a student at Washington and Lee University assisted in some of the photos. The caricature on the 
front cover was done by Jennifer Wise, an actress and artist born and raised on the VMI Post. Mrs. 
Dorothy Gearhart, our departmental secretary for nearly a quarter century, typed the original 


notebook in 1973 and was in the early photos. She has participated in many of the notebook 
revisions. Many of her suggestions about formatting the pages have been incorporated here. 


Auburn University provided Rae the opportunity to photograph physics demos and to prepare a 
notebook of its apparatus from which he learned much. Prof. Howard E. Carr provided many hours 
of discussion of Auburn demos and the techniques for doing them. Rae’s demo assistant there was 
an undergraduate in science teaching, Wendell A. Turner. Numerous photos in The Dick and Rae 
Physics Demo Notebook are from the Auburn collection and feature Wendell as the demonstrator. 
Office assistants and custodial personnel from Auburn also appear in the photos. 


Professor F. Dudley Bryant of Western Kentucky University spent two recent years at VMI, first as 
a Faculty Exchange Fellow and later on sabbatical leave. He assisted in constructing several of the 
demos herein, photographed a number of the motion shots, and made numerous suggestions on 
technique. 


Permissions to Reprint 


Addison Wesley Publishing Company, Inc., allowed the use of five figures from Edwin Jones/Richard 
Childers, Contemporary College Physics. Each of these is separately acknowledged later. 


Cartoons by Professor George Freier - The originator of "GEORGE", a series of cartoons exquisitely 
targeted to physics teachers and their students, Prof. Freier is the author of a widely known demo 
book mentioned in our references. He gave us permission to use his extensive collection published 
in The Physics Teacher beginning in its very first volume. We are greatly in his debt and hope his 
wit and his subtle teaching of principles will lighten your day. 


Individual Items - Cartoonist Don Addis of The St. Petersburg Times, St. Petersburg, Florida, granted 
us permission to use the cartoon which precedes the Introduction. The Physics Teacher through 
its Editor, Cliff Swartz, permitted us to reprint a 1971 centerfold for demo O-045. William E. Reitz, 
a PTRA from Ohio, allowed us to use his "Prom Physics" in M-004. Several years ago Allyn Bacon 
had London photographer Michael Freeman photograph about two dozen of our demos to use in 
Jerry Wilson’s "College Physics". We appreciate the use of some of the "out-takes" which would 
have "wound up on the cutting room floor". R.P. Cargille Laboratories, Inc., permitted use of two 
of its ads as applications in F-105 and F-135. 


National Science Foundation 


NSF supported us for eight demo workshops since 1973, making possible a lot of teacher sharing 
in our workshops. NSF grants funded many earlier, and far cruder, notebooks. NSF grants allowed 
Dick to organize the VMI apparatus room and provided for travel to scientific meetings and to 
science museums. 


Our Printer 


Gurtner Printing Company, Salem, Virginia, did a superb job of reproducing a wide variety of paste- 
up copy from good glossys to poor mattes, color, old Polaroid, new Polaroid and collages. Gene 
Thomas and Barbara Sowers provided excellent suggestions and gave tremendous attention to detail 
necessary in printing. The typos and incorrect spellings which remain are our fault, not theirs. 


Our Families 


Our wives helped with the workshops and waited patiently at AAPT and APS meetings and science 
teacher conferences as we stopped to hear about yet another demo. They tolerated our hours at 
the computer and our contributing family resources to fund this publication. 


ABOUT THE AUTHORS 


Both of us were born and raised in Salem, Virginia. We graduated from the same high school and 
from Roanoke College in Salem, but five years apart. Each has a Master’s degree: Rae from Cornell 
and Dick from UVA, which is where we met. Rae’s Ph.D. is from UVA (1957) and Dick’s is from 
UNC-Chapel Hill (1965). We both worked for the same professor at UVA - Dr. Jesse W. Beams, 
famous for the magnetically suspended ultra centrifuge. Each of us married a high school teacher 
and we each have two sons and a daughter. We served as co-editors of the apparatus section of 
TPT 1982-85. Both of us have received Distinguished Service Citations from AAPT, the Pegram 
Award of the Southeastern Section of the APS for distinguished teaching, the Forman Award of 
Vanderbilt University, and VMI’s two highest awards for distinguished teaching and distinguished 
service. We are both Rotarians and Presbyterian elders. Our combined teaching service exceeds 
80 years at the same institution. Each of us did summer contract and grant research for federal 
agencies until the early seventies when the USNA demo experience changed our lives! 


We both have done programs for groups ranging from kindergartens to retirement homes, from Civic 
clubs to theme parks to graduate seminars, and from one-room schools to fine hotels, reaching 
audiences of about 2000-3000 per year for the last decade. Our demo course participants now 
exceed 500 and have come from 46 states, 4 Canadian provinces, Puerto Rico, American Samoa, 
Belgium, Taiwan and Saudi Arabia, which is why the book has so many demos. They came from 
people like you. 


Pe Ae ee ae tee iran 
tee ERS kere eee 
ee tere te eae 


A s ae. Se es " / = 3 ' D. 
Dick (right), formally known as Richard Bryant 
Minnix, has been at VMI since 1956. He 
served as Head of the Physics Department 


Rae (left), formally known as Delma Rae 
Carpenter, Jr., came to VMI in 1951. He has 
served as Department Head (1969-74) and 


was Director of Research (1966-84) and 
Acting Director (1993). He was a visiting 
professor at the U.S. Military Academy (1984- 
85) and Auburn University (1985-86). He has 
served as President of the Virginia Academy 
of Science and Chairman of the Board of 
Trustees of the Science Museum of Virginia. 


(1974-79) and again since 1989, a position he 
now holds. He was the first Director of the 
VMI Division of Sciences, has served as 
Treasurer of the Virginia Academy of Science, 
and as Chair of the APS-Southeastern Section 
committee, Undergraduate Physics Depart- 
ments of the Southeast. 


Photo Courtesy of Richmond Times-Dispatch, Amir Pishdad 


SAFETY WITH DEMOS 


Demonstrations, by their very nature, involve devices and demonstrator actions which have 
potential hazards. Masses can be dropped on toes, students can fall from spinning turntables, 
demonstrators can fall from tables, and so on. This does not constitute a reason to avoid demos 
but rather to use care when doing them. Collected below are some reminders from Dick & Rae that 
you use good professional judgment when doing demos and especially when involving others. 
There are a few demos in this book that might have been omitted by the ultra-cautious. We 
included them because they show good, and interesting, physics and CAN BE DONE SAFELY when 
common sense precautions are followed. In contrast, we DO NOT show, and RECOMMEND 
AGAINST, demos walking on glass or hot coals or swallowing swords or placing LN, in the mouth 
or dipping fingers in molten solder. We have seen these done by well known demonstrators. Please 
set a good example by not tempting your students to try ones they know little or nothing about. 


Cautions for the Inexperienced 


As teachers, we must always be aware that we are teaching safety in lab and demos and that our 
students, having less experience than we, must be taught to LOOK FOR DANGER and to carefully 
observe precautions. Whenever you do a demo from this notebook where the inexperienced might 
overlook a precaution, PLEASE TAKE THE EXTRA TIME to emphasize where danger might be 
lurking. We do not wish to scare our students out of trying things scientific, but rather to have them 
seek advice from ones knowledgeable about how to try them SAFELY. 

* * SAFETY NOTE * * appears on various demos where there may be concerns for 
chemical, mechanical, electrical, optical, radiation, or fire safety. Demonstrators should exercise 
appropriate caution for themselves and special precautions should be observed for students who 
are younger, less knowledgeable, and less attentive. 


Chemicals 


Safety goggles are a must when handling strong acids and alkalies. Food and drink should be 
prohibited in any area where chemicals are in use. Demonstrators should be aware of chemicals in 
the List of Extremely Hazardous Substances published by the U.S. Environmental Protection Agency 
under The Emergency Planning and Community Right-to-Know Act of 1986. Demonstrations 
published a number of years ago frequently have included substances now considered either 
hazardous or at least not recommended for general use, before their degree of hazard was fully 
known. These include ammonia, benzene, formaldehyde, carbon tetrachloride and mercury. Recent 
literature has contained non-hazardous substitutes for some of these. This demo notebook has 
included CAUTIONS against any of which Dick and Rae are aware. We urge you to be alert to 
precautions in recent literature. 


Explosion 


Several demos in this book involve mild explosions with natural gas (H-090), methanol (M-426) and 
lighter fluid (M-562). These are examples of ones which should not be shown to younger children 
who might be tempted to perform them in a different AND UNSAFE manner. When shown to older 
students, proper precautionary discussion should accompany their use. Even simple demos can be 
hazardous if done improperly. Please be especially alert to the precautionary statements and 
limitations listed. 


Lasers 


Most demos in optics can be done with He-Ne lasers of 0.5 to 1 mW, the lowest (and safest) of 
the radiation classes. Refer to Optics - General [0-007] for more specific information and always 
be extra careful when using lasers above 2 mW. Never allow students to look directly into an 
undiverged laser beam, even if you think it is of very low power! 


Fire 


Demos involving natural gas, burning alcohol and matches involve the usual hazards associated with 
fire. Use goggles, face shields, and gloves as appropriate. Dispose of matches carefully and keep 


a fire extinguisher handy to the demo area. 


Electrical 


Under certain conditions, voltages as low as 11 V have been known to kill. Ground fault interrupters 
are designed to open the AC line whenever the difference between the current in the "hot" line 
(normally BLACK) differs from that in the neutral (normally WHITE) line by 0.005 A. These are 
excellent safety devices to have wired into ALL lab circuits as well as in demo areas. UL code 
REQUIRES them in new construction in baths, kitchens, outdoor circuits and circuits in damp areas. 


Autotransformers (Variacs and Powerstats are 2 trademark names) are NOT ISOLATING 
transformers. One side of the primary is connected to one side of the secondary. Therefore these 
transformers present an additional hazard when used around water pipes or lab tables and sinks 
which may be grounded, either intentionally or via connected metal pipes and conduit. 


X-rays 


Induction coils and other high voltage supplies sometimes used in the laboratory may be connected 
to a device which emits X-rays. Many schools and colleges have vacuum and gas-filled tubes 
designed to demonstrate cathode rays. Most of these tubes are sources of X-rays at the voltages 
normally used to operate them. Their use is DISCOURAGED unless a competently trained radiation 
physicist has surveyed them with properly calibrated detection equipment. 


Safety Instruction in the Classroom and Lab 


TPT 27, 198 (1989) contains safety transparencies developed by NC State University to display in 
lab as each experiment is done. A safety manual has also been developed by AAPT. 


PLEASE READ ALL INSTRUCTIONS PRIOR TO DOING ALL DEMOS. 
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LINEAR MOMENTUM 
Center of Mass 


Center of Mass - Humans 


Impulse 


Hammer on Hinged Board & Loop 
Fork & Spoon - Belt 

Stick on 2 Fingers - Unbal.Bar 
Double Cone - High Wire Toy 
Swivel Hips - Pendulum on Cart 
Corbeled Meter Sticks . 
Tiptoes at Door-Pick up Stool 
Kneeling on Table - Bite Chair 
Egg in Sheet 

Bouncing Eggs 

Dishes and Table Cloth 


CONSERV. OF LINEAR MOMENTUM 


Recoil 


Elastic Collisions 

Inelastic Collisions 
ROTATIONAL DYNAMICS 

Torque 

Inertia 

Kinetic Energy & Inertia 


Rigid Body Dynamics 


Center of Percussion 
Gyroscopic Precession 


Dynamic Imbalance 


Test Tube on Wire 

Two Carts 

Water Rocket Toy and Balloon 
Tennis Ball Cannon 

Cart and Fire Extinguisher 
Marbles on Aluminum Track 
Pendulation Toy - 3 to 1 Mass 
Bouncing Balls-BAN Ball Mortar 


Croquet Mallet - Seesaw 
Rolling Yo-Yo 

Car with Locked Wheels 
Croquet Balls on Head 
Stability of Vert.Rod or Broom 
Raw vs Hard-Boiled Egg 
Spoked Wheel 

Baton - Elliptical Bulls-Eye 

Two Quarters/Nickel Sandwich 
Kick the Block 

Loop the Loop 

Hoop, Disk, and Sphere Race 
Two Cans Race 

Sweet Spot on Bat 

Single & Double Bicycle Wheel 
MITAC Gyro & Toy Top 

Wheel w/Weights-Assym. Rotator 


CONSERV. OF ANGULAR MOMENTUM 


Circular Motion 
Isolated Systems 


Kinetic Energy & Angular Mom. 


Angular Momentum - Humans 


GRAVITATION 
Orbital Velocity 
Orbital Simulation 


Ball on String-Coin in Balloon 
Bike Wheel-Mass in Ext’d Hands 
Electric Motor on Turntable 
Watch on Watch Glass and Laser 
Pendulum and Bottle 

Stability of Spinning Objects 
Skaters, Gymnasts and Divers 


Escape Velocity - Spoof 
Garbage Bag-VORTX-Ball& String 


11 


PROPERTIES OF MATERIALS 


Compressive Stress 
Elasticity 
Structural Rigidity 


OSCILLATIONS 


Simple Harmonic Motion 


Simple Harmonic Motion-Damped 
Lissajous Patterns 

Addition at Right Angles 

Forced Oscillations 

Resonance 


Stand on Egg 
Squeezing Glass - Borax Ball 
Stand on Pepsi Can 


Mass & Spring-Big Strip Record 
Tractor and Pendulum 

Simple Pendulum 

Harmonica on String - Spoof 
Circle of Reference 

Pendulum Length vs Period 
Hacksaw Blade - Meter Stick 
Pendula - Torsion & Physical 
Wire in Magnetic Field 
Blackburn’s Pendulum 

Lissajous Patterns on Scope 
Tuning Fork on Sounding Board 
Coupling - Pendula & Compasses 
Wilburforce Pendulum-Door Spr. 
Hacksaw Blades & Plastic Beam 


FLUIDS 


FLUID STATICS 


Pressure 


Buoyant Force 


FLUID DYNAMICS 
Buoyant Force in Accel. Frame 
Bernoulli’s Equation 


Pascal’s Vases & Hydro Paradox 
Pressure of Water - Manometer 
Magdeburg Hemispheres 
Balloon With 2 Cups 

Collapsing Cans and Drums 
Drive Straw in Potato-Sense P 
Seat and Bed of Nails 

Boyle Marshmallow/Shave Cream 
Torricelli’s Column 

Garbage Bag Lifts Man 

Bottle and Baggie 

Lifting Rice with Screwdriver 
Archimedes’ Cup and Can 
Classic vs Diet Coke 

Bag of Gas 

Pepsi-Diver and Windex-Climber 
Cartesian Diver Analog - Beans 
Ship in a Liter 

Plastic Ball in Salt Solution 


Golf Ball in Jar(s) 
Constriction of Air Flow 
Spool and Card - Metal Disks 
Ball in Funnel 

Ball in Air or Water Jet 

Float L’eggs and File Handles 
Two Light Bulbs on Strings 
Card over Spinning Plate 
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M-837 
M-846 
M-855 


M-876 
M-880 
M-884 
M-888 
M-892 
M-896 
M-900 
M-904. 
M-916 
M-926 
M-930 
M-945 
M-960 
M-964 
M-968 


FLUID DYNAMICS 
Magnus Effect 


Vortex Generators 
FLUID PROPERTIES 


Pressure 
Surface Tension & Pressure 


Surface Tension 
Minimum Energy Surfaces 


NOTES 


TEMPERATURE 


Thermometers 


THERMAL EXPANSION 


Expansion - Linear 


Expansion - Non-Linear 
Expansion - Volume 


Expansion - Volume-Non-Linear 


Explosion 


DIFFERENTIAL EXPANSION 
Expansion - Linear 
Expansion - Linear or Area 
Expansion - Shape Change 


HEAT TRANSFER METHODS 


Conduction 


Convection 
Radiation 


Curving Styrofoam Balls 
Curving Cups - Mailing Tube 
Tornado in Jug - Coupled Jugs 
Air Cannon 


Egg in Bottle 

Water Upside Down on Card 
Bottle with Hole and Screen 
Pencil in Bottle 

Sieve Bucket - Float Needle 
Soap Films on Wire Frames 


HEAT 


Lamp Resistance 
Thermocouple and Thermopile 
Liquid Xtal-Galileo’s Thermom. 


Metal Rod with Laser 
Thermostat-Auto-Stove-Bimetal 
Rubber Band 

Dime on Coke Bottle 

Balloon in Flask-Collapse Can 
Objects in Liquid Nitrogen 
Exploding Can 


Bimetallic Strip & Flag Waver 
Ball and Ring 
Jumping Disks 


Rods in Steam - Conductometer 
Air and Water-Filled Balloons 
Liquid in Loop - Candle in Box 
Absorption of Painted Surfaces 
Radiometer and Solar Cube 


FIRST LAW OF THERMODYNAMICS 


Heat Capacity 

Phase Change - Sublimation 
Phase Change - Condensation 
Phase Change - Evaporation 


Phase Change - Vaporization 


Triple Point - Water 
Regelation 


Metals Spheres in Paraffin 
Make Dry Ice 

Saucer Rain - Make LNG 
Drinking Bird 

Vapor Pressure - Volatility 
Boiling at Reduced Pressure 
Pop Corn and Geyser Simulator 
Vapor - Liquid - Ice 

Wire on Ice Block-Plastic Flow 
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F-260 
F-265 
F-280 
F-285 


F-305 
F-310 
F-315 
F-320 
F-330 
F-360 


H-010 
H-014 
H-018 


H-040 
H-044 
H-054 
H-064 
H-068 
H-078 
H-090 


H-110 
H-114 
H-122 


H-140 
H-144 
H-160 
H-180 
H-188 


H-210 
H-220 
H-230 
H-240 
H-244. 
H-260 
H-264 
H-280 
H-304 


FIRST LAW OF THERMODYNAMICS 


PVT Surfaces 

Heat and Work 

Adiabatic Heating & Cooling 
Thermo-electric Effect 


ENERGY CONVERSION 
Heat to Chemical 
Chemical to Heat Energy 
Work to Heat Energy 


KINETIC THEORY 
Molecular Motion 
Avogadro’s Number 


Three Dimensional Model 
Rubber Band - Stretch & Engine 
Cloud in Jug - Pump Up Tire 
Thermocouple Magnet - Seebeck 


Liquid Crystal - Hammer Blow 
Alcohol & Towel 
Shot Shaker - Lead and Pennies 


Simulator - Ball Vibrator 
Gram Molecular Volume Box 


SECOND LAW OF THERMODYNAMICS 


Perpetual Motion 


NOTES 


BULK MOTION 


Transmission of Energy 


WAVE PULSES 


Transmission of Energy 


Transverse and Longitudinal 
Pulse Velocity - Phase Change 
Pulse Velocity 


HARMONIC WAVES 
Traveling Wave 
Periodic Waves 
Shape of Waves 


OSCILLATIONS 
Optical Phase Analog 


SOUND WAVES 
Superposition and Phase 
Wavelength in Air 
Range of Human Hearing 
Intensity Measurement 
Demo Records 


STANDING WAVES 
Transverse - Nodal Pattern 
Transverse 


Palm Glass Oscillator 


WAVES 


Air Cannon 


Dominoes and Heavy Rope 

Bell in Vacuum 

Tin Can Phone-Coat Hanger Amp. 
Wave in Spring 

Wave Machine 

Time Resolution of Ear 


Rotating Slinky on Overhead 
Siren Disk 
Hearing and Seeing Wave 


Puhlfrich Effect 


Fourier Synthesizer and Scope 
Two Speakers on Optical Bench 
Oscillator and Oscilloscope 
Sound Level Meter 

Science of Sound - Bell Labs 


Hot Wire Driven with AC 

Slinky Simulator-Coiled Spring 
Melde’s String - Sonometer 

Whip Antenna and Wood Strip 
Aluminum Rod in Xylophone Mode 
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H-320 
H-340 
H-360 
H-374 


H-395 
H-400 
H-405 


H-440 
H-450 


H-500 


STANDING WAVES 


Transverse and Longitudinal 
Transverse - E-M 
Transverse - Pipes 
Transverse - Free End 
Transverse - Circular 


Transverse - Plates 
Transverse - Films 


Transverse-Longitudinal-Pipes 


Longitudinal - Rods 
Longitudinal - Pipes 


Resonance 


SUPERPOSITION OF WAVES 


Fourier Synthesis 

Phase and Group Velocity 
Spherical - Circular 
Interference 


Beats 


Doppler Effect 
Musical Quality 


MUSIC 


Bandpass Separator 
Crude Instruments 


Reproduction 


Coupled Oscillations in Rod 
Microwaves 

Xylopipes and Wooden Sticks 
Hanging Chain 

Gong, Hat Stretcher & Goblet 
Water Goblet - Variable Depth 
Chladni Plates 

Soap Films Driven by Speaker 
Very Large Films - Glycerine 
Pat the Pipe 

Singing Rod 

Singing Pipes-Straw & Scissor 
Organ Pipes 

Train Whistle and Flutes 

Gas Flames Tube 

Singing Corrugated Pipe 
Resonance Tube 

Jingle Bells COKE Bottles 
Tuning Fork and Tuned Cavity 
Audio Oscillator Drives Wire 


Square Wave in Vibrating Wire 
Beats with a Drift 


Corrugated Roofing & Sew. Tape 


Moire Pattern Transparencies 
Two Speakers - Aluminum Rod 
Cheap Speaker Cabinet 

Tuning Fork - One Tine Loaded 
Whistles 

Velocity Sound - Aluminum Rod 
Fork, Rod and Reed 

Music and Voice on Microphone 


Color Organ - Hallbar 
Coffee Can Oop-Goopi 
Monochord - Pan Pipes 
Bite-a-Phone 


ELECTRICITY 


ELECTROSTATICS 


Charging by Contact 


Attraction and Repulsion 
Electric Fields 


Induced Charges 


Zero Field 
Charging By Induction 


Triboelectric Series 

Plastic Tubes - Rods & Cloths 
Aluminized Ping Pong Balls 

Ball Dance and Bell Ringer 
"Velveteens" and Grass Seed 
Attract 2x4 with Rod-Roll Can 
Water Stream & Charged Balloon 
Faraday Ice Pail 
Electroscope-Leaf & Electronic 
Electrophorus 
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W-735 
W-740 
W-145 
W-750 
W-755 
W-760 
W-765 
W-170 
W-175 
W-190 
W-205 
W-210 
W-215 
W-220 
W-225 
W-230 
W-255 
W-260 
W-265 
W-270 


W-310 
W-315 
W-320 
W-325 
W-330 
W-335 
W-355 
W-360 
W-365 
W-380 
W-390 


W-405 
W-410 
W-415 
W-425 


E-010 
E-015 
E-040 
E-060 
E-065 
E-085 
E-090 
E-115 
E-135 
E-140 


ELECTRIC POTENTIAL 


Electric Field Generator 
High Electric Field 


High Frequency Excitation 


ENERGY STORAGE 


Change in Capacitance 
Capacitors 


ELECTRIC CURRENT 


Change in Conductivity 
Ohm's Law 
Resistance Analog 


ELECTROMOTIVE FORCE 


Electrolytes 
Energy Sources 


DC CIRCUITS 


Internal Resistance and EMF 
Kirchoff’s Laws 
RC Circuit 


DC AND AC CIRCUITS 


RC Circuit 


POWER 


AC Circuit 


Resistance and Temperature 
Ln V vs Ln 1 


Van de Graaff Generator 
Dielectric Breakdown - Spheres 
lons Deflect Flame-lonic Drive 
Smoke Precipitator 

Tesla Coil & Fluorescent Tube 


Sphere Gap Plus Capacitor 
Relaxation Oscillator 


Pigtail Socket - Salt Solution 
Heat Lamp on Bulb Filament 
Bed of Nails with Steel Balls 


Lemon Battery 
Thermoelec. Magnet & Solar Cube 


Lemon and Human Batteries 
Simple Circuit 
Relaxation Oscillator w/Scope 


Chg. and Dischg. - Square Wave 


Hot Dog Cooker 

Which Lamp is Brighter? 
Light Bulbs Cold and Hot 
Light Bulbs and Log-Log Plot 


MAGNETISM 


MAGNETIC FIELD 


Vector Nature 

Force on Moving Charges 
Force on Conductors 
Helmholtz Coil 


Repulsion 
Torque on Coil 


SOURCES OF MAGNETIC FIELD 


Straight Wire 
Mapping Field 
Earth’s Field 


SOURCES of MAGNETIC FIELD 


Forces Between Parallel Wires 


Paper Clip Detector 

Oscilloscope Beam-Dischg. Tube 
Wire Current-Vibrat. Filament 
Direction of Field 

Magnet & Solenoid as Detectors 
Torque on Plane Coil 

Coupled Oscillating Magnets 
Duracell DC Motor & Nail Motor 


Wire and Compass Needle 
Magnet-Wire-Coil with Filings 
Needle - Floating & Dipping 


Slinky Spring 
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E-160 
E-180 
E-185 
E-190 
E-195 


E-210 
E-240 


E-260 
E-280 
E-300 


E-320 
E-340 


E-360 
E-380 
E-400 


E-405 


E-425 
E-430 
E-450 
E-470 


B-010 
B-015 
B-020 
B-025 
B-030 
B-035 
B-060 
B-075 


B-105 
B-110 
B-115 


B-120 


FARADAY’S LAW 
Motional EMF 


Induced EMF 


Generator-Motor 
Elihu Thompson Apparatus 


LENZ’S LAW 
Elihu Thompson Apparatus 
Eddy Currents 


Back EMF in Motor 


INDUCTANCE 
LR Circuit 


MAGNETISM AND MATTER 
Permeability 
Reluctance 
Induced Magnetism 


Curie Temperature 


ALTERNATING & DIRECT EMFs 


Generators AC & DC 
ALTERNATING CURRENTS 
AC Voltage Detectors 


RLC Series Circuit 
Transformer 


Inductance Measurement 


GENERAL 
Optics Tips and Techniques 


ELECTROMAGNETIC WAVES 
Plane Wave 
Scattering 


Maxwell’s Equations 


Magnet in Loose Coil 

Jump Rope 

Solenoids-Primary & Secondary 
Turns and Area Affect EMF 
Piano Wire and Strong Magnet 
Genecon 

Ring - Jumping and Heating 
Attraction of Levitating Rings 


Shaded Pole Induction Motor 
Pump Ring - Cow Magnet 
Magnetic Braking with Disk 
Motor Disk-Levitated & Stalled 
Motor with High Inertia Disk 


Se/f-Induction Lights Bulb 
Current Growth with Time 
Growth/Decay with Square Wave 


Iron Wire Core Increases Field 
Air Gaps of Different Amounts 
Hammering Iron Bar 

Cereal & Nails (Spoof) 
Canadian Quarters & Dimes 


Jump Rope & Hand Crank Genecon 


Diodes and Gas-Filled Tubes 
Phase, Phasors, and Resonance 
Light under Water 

Primary | vs Secondary Load 
Weld Nails 

Calculate from Voltage Reading 


OPTICS 


Sources-Apertures-Projection 
Kits - Lasers - Laser Safety 


Ping Pong Paddle - Wave Model 
Microwaves 

Chalk Dust, Smoke Box & Cream 
Simulated Sunset 

"And God Said" 
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B-205 
B-210 
B-220 
B-230 
B-240 
B-250 
B-260 
B-270 


B-275 
B-280 
B-285 
B-290 
B-295 


B-310 
B-315 
B-320 


B-350 
B-360 
B-370 
B-380 
B-390 


B-405 


B-410 
B-415 
B-425 
B-435 
B-445 
B-470 


0-005 
0-007 


0-025 
0-030 
0-035 
0-040 
0-045 


REFLECTION 


Plane Mirrors 


Cylindrical Mirrors 
Spherical Mirrors - Convex 
Spherical Mirrors - Concave 


REFRACTION 
Blackboard Optics 
Prism - Deviation 
Water-Air Interface 
Equal Indices 
Shallowing Effect 
Atmospheric Variation 


REFLECTION 
Total Internal Reflection 


DISPERSION 
Spectrum - White Light 


Spectrum - Band Absorption 


LENSES 
Lens Action on Multiple Rays 
Lens Action under Water 
Concave and Convex 
Converging 


Converging - Water 
Cylindrical 

Simple Magnifier 
Multi-element Lens 


ABERRATIONS - LENSES 
Spherical, Coma, & Astigmatism 
Distortion-Curvature of Field 
Chromatic 


INTERFERENCE 


Young's Experiment 


Analog with Sound Waves 


Glass Sheet-Candle under Water 
Ambulance Behind You 
Humans Can Fly 

Two Way Glass 

Barber Shop & Fixed Angle 
Variable Angle Mirrors 

Three Mirrors - Corner Cube 
Kaleidoscope with 3 Slides 
Mirror on Chest 
Diverging-Virtual Image Always 
Virtual or Real Image? 

Is a Bulb in Socket? - Toy 

Burn Candle at Both Ends 
Spherical Aberration 

Confocal Mirrors 


Parallel Displacement 

Giant Acrylic Prism with Laser 
Bent Ruler and Spoon in Glass 
Beaker-in-a-Beaker 

Ruler Under Beaker or Block 
Star Twinkle with Hot Plate 


Soda Bottle & Flask with Laser 
Fiber Optics-Rod, Ball, & Cyl 


Prisms-Glass & Ethyl Cinnamate 
Photocube & Plastic Cup 

Giant Rainbow with Flask 
Holographic Grating-Antifreeze 


Bulb Filament and Black Paper 
Water Tank & Scattering Medium 
Blackboard Optics 

Right-Left Inversion 

Half Lens - Whole Image 

Saran and Ring Stand 

Inverted Image 

Pinhole - No Lens 

Fresnel Lens 


Stops - Apertures & Obstacles 
Thick Lens & Stop 
Color Filters and Carousel 


Double Slit with Laser 
Fresnel Biprism-Lloyd’s Mirror 
Singing Rod, Moire & Speakers 


18 


INTERFERENCE 
Phase Change on Reflection 
Division of Wave Amplitude 
Thin Films 


INTERFERENCE - DIFFRACTION 


Interferogram 
Materials and References 


DIFFRACTION - Fraunhofer 
Single Slit 


Transmission Grating Spectrum 
2-D Transmission + Laue Pattern 


Reflection Grating 
Obstacles 


DIFFRACTION - Fresnel 
Circular Opening 
Circular Obstacle 


RESOLVING POWER 


Rayleigh Criterion - Circular 


EYE FUNCTIONS 


Retinal Image 
Retinal Image - Focussing 


POLARIZATION 
Mechanical Analog 
Dichroic Material 
Scattering 
Reflection - Brewster’s Law 
Double Refraction 


Double Refraction - Stress 
Application 
Optical Activity 


COLOR 
Color Addition - Mechanical 


Color Addition - Beam Overlap 


Color Subtraction 
Selective Absorption 
Land Experiment 
Fluorescence 

Color by Contrast 


OPTICAL ILLUSIONS 
Spatial Effects 


NOTES 


Microwaves - Lloyd’s Mirror 
Michelson Interferometer 

Air Wedge Between Glass 
Newton’s Rings Between Glass 
Soap Film-Flat & Hemispherical 
Mica Sheet and Glass Tube 


Hologram - Plane & Multiplex 
Making Holograms 


Fixed, Variable & Finger Slit 
Aperture - Line or Other Image 
Wire & Photo Mesh with Laser 
Concave Mirror 

Steel Engraved Ruler 

Needle, Slit, and Razor Blade 


Pinhole with Laser 
Poisson’s Spot 


Eye Viewing Two Dots 


Blind Spot 
Moving Screen - Horiz.& Vert. 
Pinhole Magnify-Retinal Shadow 


Coil Spring and Two Big Slits 
Polaroid (TM) - Malus’ Law 

Blue Sky and Powdered Cream 
Glass Plate(s) and Floor Tile 
Calcite - Cellophane 
Interference with Cellophane 
Strain Polyethylene-Beam Model 
3-D Color Slides 

Three Compartment Tank 

Karo in Beaker - Barber Pole 


72-in-1, Fan, and Colored Disk 
3 Mirrors on Blocks 

Theater Filters - Antifreeze 
Fabrics & Theatrical Filters 
Flashlights & Colored Shadow 
Detergent Boxes & Ultraviolet 
Retinal Fatigue-Color Illusion 


Real Illusions and Spoofs 
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0-430 
O-440 
0-455 
0-460 
0-465 
0-470 


0-485 
0-490 


0-505 
0-510 
0-515 
0-520 
0-525 
0-530 


0-550 
0-555 


0-570 


0-580 
0-585 
0-590 


0-605 
0-610 
0-615 
0-620 
0-625 
0-630 
0-660 
0-675 
0-685 
0-690 


0-710 
0-720 
0-730 
0-740 
0-750 
0-760 
0-770 


0-805 


MODERN PHYSICS and SPACE SCIENCE 


RELATIVITY 
Relative Motion 
Coordinate Systems 
Length Contraction 
Coriolis Effect 


Michelson-Morley Experiment 
Accelerated Reference Frames 
Curvature of Space-Time 
Black Hole and Orbit Analog 


QUANTUM PHYSICS 
Quantization 
Planck’s Constant 
Standing Electron Waves 
Heisenberg Uncertainty Prin. 


Tractor on Paper-Chalk in Hoop 
Wooden Axes 

Film - Relativistic Ride 

Foucault Pendulum Model 
Deflection of Water Stream 
Michelson Interferometer 
Water/Masses in Styrofoam Cup 
Garbage Bag on Trash Can 
VORTX Funnel Coin Collector 


Photoelectric Effect on Zinc 
Light Emitting Diodes 

Banding Mat’‘l-Corrugated Roof 
Effect of Device Used 


ATOMS, MOLECULES AND SOLIDS 


lonization from Radiation 
lonization Counters 
lonization Paths 

Electrical Discharge 
Blackbody Radiation 
Ultraviolet Radiation 

Mass Spectrograph Analog 
Periodic Structure Analog 
Crystal Structure Analog 
Bragg Scattering Analog 
Hole Motion Analog 

Line Spectra 

Powder Diffract. Pattern Analog 


NUCLEAR PHYSICS 
Radioactivity 
Scattering Analog 
Induced Reaction Analog 
Chain Reaction Analog 
Spin Echo Analog 


PARTICLE PHYSICS 
Annihilation Spoof 
Conservation Laws 
Time Reversal Invariance 
Field Particle Analog 


EARTH SCIENCE 
Curvature of Earth 
Bulge of Earth 
Conic Sections 
Planetary Motion 


NOTES 


Dischg.- Flame & Radioactivity 
High Field with Fine Wire 

Cloud Chamber 

Gas Discharge & Evacuated Tube 
Line Filament with R/G Filters 
Concave Reflection Grating 
Stee/ Ball in Magnetic Field 

Egg Crate Foam 

Tennis Balls & Ball Bearings 

Wire and Photo Mesh with Laser 
Bubble in Water-filled Tube 
Transmission Grating 

Scarf and Hosiery 


Chips-Cups-Nickels-Dominoes 
Marbles on Base of Book Rack 
Marbles in Saucer 

Mouse Traps & Silicone Balls 
Glycerine Cylinder 


Strobe Light 

700 + 100 is NOT always 200 
3 to 1 Mass Collision 

Two Carts and Medicine Ball 


Sight Distance at Sea 
Rotating Straps 

Slit Beams on String Cylinder 
Orrery--Ball on String in Tube 
Acrylic Drawing Aids 


*Uses Apparatus in Demos from Other Sections 
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MECHANICS 
Koj Po, 

a E Lai Ye, 

(SOULLISIONIS 


MALLY, THAT Is, AND I 
iad UNDERSTAND THIS 


IMPULSE 


MAOM EN T UAA 
CONSERVATION 


N : 
iM 


Circle of 
Reference 


cSCLikhEAY EGR! 


-* RINETIC ENERGY 


Get your mass moving, 
| talre physics. 


GENERAL 
Enthusiasm 


EVEN 
DUMBBELLS 
HAVE « ji N 


À THEER 
MOMENTS 


PStioARA 


sgomi sortim 


š | ONLY 

GET YOUR PEN ce $ ° 

a eS leat nb | GET THE 
TAREP ‘ 


ENGINEER 


ANOTHER Mather REPEAL OHM'S LAW! 


M-002 
Buttons & Signs 


DEMONSTRATION 

Signs with short slogans 
or puns are available from 
AAPT and Sigma Pi Sigma. 


Buttons about 6 cm diam 
can be purchased or made 
with an inexpensive press 
from your own design. 


PHYSICISTS have ; a 
sTRANGE QUARKS a 


SUPPORT YOUR LOCAL TAKE 


PHTSILS or vou. 


GET YOUR MASS MOVING lott THE PHYSICS 
TAKE PHYSICS 7°~ GENERATION 
YSICS 


PHYSICS ss ‘tous 


Pbhemales Phor Physics 
sopewogg dO4g SoIS\Yg 


Ease of Setup/Construction: A/B 


SAGs U 
BEWARE OF QUANTI DICKS 
QUARK! QUARK | 
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FARCICAL PHYSICS M-004. 
Spoof Prom Physics 


For the Student While at Dinner 

1. Hanging a spoon from your nose is an excellent way of demonstrating a knowledge of friction to the next table. 

2. Spoons themselves offer an opportunity of discussing concave and convex mirrors-use them to view the room and each 
other’s dental work. 

3. Do not overlook the fork. Tie a String to its middle. Wrap the other end around your index finger, and stick your finger 
in your ear. Listen to the ‘chimes’ when the fork is bumped against the side of the table. 

4. A spoon, fork and baked potato can be made into a center of gravity toy. 

5. Dinner-on-a-budget bunch can see if the hot side Stays hot while the cool side stays cool after leaving the drive-thru. 


For the Student at the Dance 
6. Explore Newton’s Big Three by dancing with partners of widely different mass. Does it take more force to steer larger 


masses through turns? Do objects in motion Stay in motion if you forget to grab your partner’s hand while spinning 
him or her back? 


. Spiked heels remind one of force per unit area. 

. Ethnic dances (from polkas to break dancing) allow one to study rotational inertia and angular momentum. 

. A plastic mirror bent in the proper direction makes your date look svelte. 

. Having bent the mirror the wrong way, you find yourself at the stag side of the dance. Entertain the other wallflowers 
by playing center of gravity games-lifting chairs or picking up coins behind your back. 


For the Student and the Band 

11. Budget bands can use a cardboard baffle in front of cheap speakers for hi-fi sound. 

12. Your Physics Olympics band can be booked for the prom. 

13. A pick-up band can be formed by using comb and tissue paper, straw flutes and pop-bottle chimes. Many at your table 
will be amazed to find that the full pop bottle produces a high pitch when blown across but a low pitch when struck. 

14. Your date may enjoy the resonance inside his/her head when he/she plays along with the band using his/her retainer 
bands. 

15. Place your ear on the table top and run your comb in time along the edge. 


For the Student During Band Breaks 

16. Hold your fingers up to the light and look at the diffraction lines between them. 

17. Notice how your finger appears to come from the left side of the glass when you put your hand behind the water glass. 

18. ilo Hoe program with the mirror looking for names that read the same upside down, such as "ED BOX" or 

19. During lulls in the conversation, try the disappearing coin trick with the water glasses. 

20. Borrow Joe Cool’s polaroid glasses to determine the direction of polarization of the light reflecting off the mirror ball 
onto the walls. 

21. Make paper helicopters out of the program. 

22. Whirl a penny around on a coat hanger. 

23. Show the couple you're doubling with how to make an atomizer with a straw and glass of punch. 

24. The balloon decorations will produce unique coiffures when rubbed and held above the Prom King and Queens’ hair. 

25. Organize the room to do the "wave" when the physics teacher shows up to chaperone. 


For the Student at the Restrooms 

26. On the way there, show how static charge on your comb will bend the stream from the water fountain. 

27. Do the toilet paper roll jerk. 

28. Borrow a lit cigarette from one of the delinquents and demonstrate your knowledge of the Leydenfrost phenomenon 
by holding it upright between your thumb and forefinger. Do not forget to wet your fingers. 

29. Study the coriolis effect after flushing. 


For the Student on the Way Home 

30. Buy a heart-shaped, helium-filled balloon. Watch it move forward when you accelerate. Notice how it floats back as 
you bump into the police car at the Stoplight. Explain the physics to the officer. 

31. Watch the car antenna resonance at different car speeds. 

32. Make a sharp turn and slide your date across the seat. (be sure to turn the correct way or your date will slide out the 
door!) Remind your date that it was not centrifugal force but the tendency to continue in his/her natural state that 
brought the two of you together. 


33. When the car runs out of gas in a dark spot, it is time to chew a wintergreen Lifesaver-they make blue sparks and clean 
the breath. 


OWon 


A Few for the Chaperone 
34. The dollar bill reaction timer is useful to check those who make repeated trips to the punch bowl. 


35. A couple of mirrors taped at angles to walls form a periscope to see around corners and discover why couples sneak 
off down that corridor. 


36. Experiment to see if coffee cools off faster when milk is added right away or five minutes later. It wastes a good half 
hour and keeps you awake. 


37. Help the band set up their speakers so that there is a null point at the chaperones’ table. 


-- Reprinted by permission of the author, Bill Reitz, from TPT 25, 329 (1987) 


DICK and RAE Physics Demo Notebook 


06--93 Copyright 1993 by DICK and RAE, Inc. 


LAWS OF SCIENCE M-006 
Spoof Murphy’s Laws & Commandments 


MURPHY'S LAWS 


7. IN ANY FIELD OF SCIENTIFIC ENDEAVOR, ANYTHING THAT 
CAN GO WRONG, WILL GO WRONG. 


2. LEFT TO THEMSELVES, THINGS ALWAYS GO FROM BAD 
TO WORSE. 


3. IF THERE IS A POSSIBILITY OF SEVERAL THINGS GOING 
WRONG, THE ONE THAT WILL GO WRONG, IS THE ONE 
THAT WILL DO THE MOST DAMAGE. 


4, NATURE ALWAYS SIDES WITH THE HIDDEN FLAW. 
5. MOTHER NATURE IS A FINK. 


6. IF EVERYTHING SEEMS TO BE GOING WELL, YOU HAVE 
OBVIOUSLY OVERLOOKED SOMETHING. 


TEN COMMANDMENTS for STUDENTS of GENERAL CHEMISTRY 


1. Thou shalt not kill thy neighbor unless thou canst prove he spit in your 

unknown. 

Thou shalt honor thy neighbor’s olfactory sensitivities. 

Thou shalt not pencil titrate. 

Thou shalt not remain forever on the pans of thy balance. 

Thou shalt keep thy desk spotless, and thy days shall be long in this lab. 

Thou shalt not take the name of thy instructor in vain. 

Thou shalt not commit adulteration -- of reagents. 

Thou shalt love the storeroom person as thyself. 

Thou shalt not covet thy neighbor’s end points, nor his successes, nor his 

clean equipment, nor anything that is thy neighbor’s. 

10. One day shalt thou labor, sweat, and swear in the lab -- the other days are 
set aside for thy instructor’s peace of mind and for the conservation of thine 
Own sanity. 


© MNAAAWN 


Sources Unknown - Reproduction Permitted 
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NUMERATION 
Benford’s Rule 


M-010 
Distribution of First Digits 


First Proba- DEMONSTRATION 
Digit bility Examination of numerous collections of physical | 
m P data on CONSERVED quantities confirms that there is 
a greater probability of numbers beginning with "1" 
than with any other digit. The probability 
1 0.301 decreases as the beginning digit increases. 
2 0.176 
3 0.125 Benford’s empirical rule for lists of numbers 
4 0.097 with first digit "m" is log(m+1) - log m. See F. 
° Benford, Proc. Am. Philos. Soc. 78, 551 (1938) 
5 0.079 which discusses "the surface area of the 335 
6 0.067 largest rivers in the world and the street 
7 0.058 addresses of the first 342 persons listed in 
8 0.051 AMERICAN MEN OF SCIENCE." Quoted from reference 
9 0.046 below. 
SUM 1.000 


RELATED REFERENCES 


AJP 54, 816 (1986) - "On the Numbers of Things and the Distribution of First Digits" 
- Includes theory and examples. 
AJP 59, 952 (1991) - Table of physical constants in Serway’s text used to test rule 


in both SI and English customary units. 
Ease of Setup/Construction: A/A 
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MEASUREMENT M-016 
Metric System Painted Meter Stick 


DEMONSTRATION 

Show decameter and use as aid in making measurements visible to large 
class in subsequent demonstrations. Two upper sticks in photo are 
commercial models, one having 4 sides with different least counts. 


CONSTRUCT your own by painting ON SIDE WITH ENGLISH markings each 10 
cm segment in alternate bright colors (red/white or blue/white). 


Metric markings will remain visible to demonstrator on unpainted side 
to read lengths more precisely. 


RELATED REFERENCES 

TPT 25, 52 (1987) - Redefinition of meter equates to defining speed of light and 
hence the permittivity of free space. 

TPT 26, 307 (1988) - "Star Wars Goes Metric" - Application of SI units decreed by 
Dept. Defense for NATO compatibility. 

AJP 57, 988 (1990) - Historically defined during French Revolution, meter was one 
millionth of distance from Pole to Equator along meridian thru Paris. Meter has had 
hard time being accepted. Excellent survey article. 


Ease of Setup/Construction: A/B 
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MEASUREMENT M-020 
Units Body Units 


GEORGE By G. Freier 


¢ 
Pii; š A 
ips 
a | t 
Wp w vaN 
z k 


WE couLp Just AS WELL USE THE BLOCS 
AS A UNIT OF LENGTH 


DEMONSTRATION 

Assist students in becoming familiar with metric units by identifying 
various units with parts of human body. Approximately 1 cm is width of 
small fingernail, 1 decameter is breadth of hand at thumb joint, and 1 
m is "reach" from tip of chin to tip of outstretched hand (arygoods 


store clerks used this as a yard in bygone days). 


Substitution of units in equations in algebra, calculus and even in 
differential equations will provide preliminary check on correctness 
of equation format. 


RELATED REFERENCES 


TPT 25, 376 (1987) - Examples of proper use of mass and weight, low-joule Diet Coke, 
and petroleum reserves in exajoules. 


TPT 26, 433 (1988) - Equivalency of units - mi/gal for auto efficiency is unit of 
inverse area. 


TPT 28, 174 (1990) - Dimensional analysis applied to differential equations will 
detect errors in derived result. 


Fase of Setup/Construction: A/A 
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MEASUREMENT M-024 


Film - Prefixes Powers of Ten - Metric Mania 


DEMONSTRATION 


Film or video on "Powers of Ten" starts with person lying in park and 
backs away by 24 powers of 10 to view earth, stars, etc. then comes in 
to negative powers to reach nucleus of atom in body. Video disk, 

including other items, by Charles & Ray Eames available from Ztek Co., 
P.O.Box 1968, Lexington, KY 40593. Phone 800-247-1603 or 606-252-7276. 


METRIC MANIA transparency can be used along with transparency of 
textbook prefixes to cement ideas about prefixes which are least 


familiar. 
METRIC MANIA 


10718 Boys = 1 Attoboy 
10775 = 7 Femto 
1071? Boos = 1 Picoboo 
107°? Nannettes = 1 Nanonanette 
107 Phones = 1 Microphone 
107? Tary = 1 Military 
107? Pedes = 1 Centipede 
1071 Mates = 1 Decimate 
10' Cards = 1 Dekacard 
2 x 107 Withits = 2 Hectowithits 
2x 10° Mockingbirds = 2 Kilomockingbirds 
10° Phones = 1 Megaphone 
10° Los = 1 Gigalos 
10'? Bulls = 1 Terabull 
10'° Grees = 1 Petagree 
107° Stentialisms = 1 Exastentialism 


Source(s) Unknown - Reproduction Permitted 
RELATED REFERENCES 


AJP 40, 1357 (1972) - Review of film, "Powers of Ten". 


AJP 41, 425 (1973) - Note on this film shows that outward trip could be consistent 
with relativity theory. 


Ease of Setup/Construction: A/A 
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MEASUREMENT M-028 
Volume - Liquid & Gas Beakers and Liter Box 


DEMONSTRATION 

Show glass beakers of various sizes up to 1 liter. Use food coloring 
in water to improve visibility. Also show several common liquid 
measures and ask students to estimate volumes in SI units; e.g., mug 
of coffee-250 ml; large glass of iced tea-500 ml; small pitcher of 
beer-1 1. Also show some liquid containers now sold in SI sizes such 
as 2 or 3-liter soft drink bottle. 


LITER box and dissectible liter also available commercially. Have 
students bring cardboard box from grocery store for which they have 
calculated volume in liters. 


RELATED REFERENCES 

TPT 31, 46 (1993) - Dimensions of "zombie" cocktail glass used to illustrate 
relative sizes of straight and circular dimensions. Bet someone that distance around 
rim exceeds height! 


Ease of Setup/Construction: A/A 
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MEASUREMENT 
Scaling 


RELATED REFERENCES 


M-034 
Hair Diameter 


DEMONSTRATION 

Place transparent ruler and human hair on 
stage of overhead and focus image sharply on 
screen. Determine magnification by measuring 
image of ruler on screen. Projector with good 
optics placed well back from screen can give 
magnification approaching 20X. Image of hair 
will be few mn, corresponding to typical hair 
diameter of 80 micrometers. 


APPLICATION of scaling of area to volume 
ratios in TPT 28, 403 (1990) using melting 
ice to get log-log graph of drops/sec melted 
vs shrinking mass. Discussion of elephants 
vs mice. 


TPT 27, 234 (1989) - Scaling in biological systems - velocity, mass, brain size and 
sight with dinosaurs, whales and dolphins. 


Ease of Setup/Construction: A/A 


03--93 
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MEASUREMENT M-038 
Curve Fitting Best Fit Analog-Norm to Curve 


DEMONSTRATION 

Plywood sheet with series of nails to 
represent scattered data points. Short 
rubber band from each nail holds small 
wood dowel in place to simulate 
best-fitting line. From TPT 25,320 
(1987). 


NORMAL TO CURVE uses 2.5 cm dia clear 
plastic rod. Rotate until image of curve 
seen through rod aligns continuously 
with remainder of curve. Can also be 
used to draw line perpendicular to rod 
to get tangent to curve at a point. 


“GEORGE” By G. Frier 


Did we get any data? 


RELATED REFERENCES 
TPT 27, 280 (1989) - Discusses combinations of X certain, Y certain, X&Y both 


certain, X uncertain, etc. to get absolute zero from p-T data: See also TPT 26, 201 
& 328 (1988) for more comments. 


Ease of Setup/Construction: A/A 
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MEASUREMENT 
Probability 


sant. 
Setii, 


e BEE ELE LESTE LE, CET, 


RELATED REFERENCES 


M-042 
Bell Curve Generator 


DEMONSTRATION 

Load top tray with steel balls. These 
drop past series of regularly spaced 
pins, having numerous collisions as 
they move toward compartments at the 
bottom. Center compartment has highest 
probability (falling almost straight 
down) and therefore collects most 
balls. 


CONSTRUCT using sandwich of 2 acrylic 
sheets with pins spaced as shown in 
photo. Bottom row of pins has vertical 
bins below each to catch steel balls 
5-6 mm dia. Spirit level mounted on 
front sheet to assure array is 
vertical. | 


ALTERNATE - Cheap version uses bed of 
nails in F-035, inclined at slight 
angle, with ball bearings released 
from funnel at top and caught in 
vertical pockets at bottom. 


TPT 27, 44 (1989) - Experiment relating statistics and measurement using coin 


tosses. 


Ease of Setup/Construction: 


A/C 
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MEASUREMENT M-046 


Geometry -Straws and String 


DEMONSTRATION 

String soda straws together to 
produce geometrically interesting 
objects. Better to use monofilament 
fishing line - stiffer than string 
and easier to feed thru straws. 


RELATED REFERENCES 
TPT 26, 341 (1988) - Many photos and applications showing significance of size and 
shape in works of man. 


Ease of Setup/Construction: A/A 


DICK and RAE Physics Demo Notebook 
03-93 Copyright 1993 by DICK and RAE, Inc. 


MEASUREMENT M-052 
Exponential Function Doubling Analog-Weight Sensing 


DEMONSTRATION 

Use stacks of wooden nickels, poker chips, dominoes or styrofoam cups 
to contrast linear vs exponential increase in quantities such as 
fossil fuel consumption, population, postage rates, bacteria, cell 
division, etc. For example, doubling time for U.S. fuel consumption is 
about 10 yrs. TPT 28, 540 (1990) shows that if entire earth were one 
big oil tank, it would last only 339 yrs at CURRENT growth rate but 
300 gigayrs at ZERO growth rate. 


NOTE that consumption in each interval is larger (by 1) than TOTAL of 
ALL previous intervals combined. This is seen by adding all dominoes 
or chips in stacks previous to a given stack. 


LOGARITHMIC nature of weight sensing can be demonstrated by placing, 
in empty 35mm film canisters suspended by strings, masses of 800, 900 
& 1000 gm. Have student place in proper order. Repeat with 80, 90 & 
100 and with 98, 99 & 100. People can detect dW/W of about 10%. From 
TPT 24, 358 (1986). See also Swartz, "Used Math", Prentice Hall 
(1973), p.70. 


RELATED REFERENCES 


TPT - Excellent series of articles by A.A. Bartlett beginning in Oct 77 and running 
several years. 


TPT 25, 436 (1987) - Houston population example. 

TPT 26, 506 (1988) - Exercise in which solution given to student who must figure out 
the question it answers. 

TPT 28, 46 (1990) - Exponential growth of railroad tracks in U.S. 1860 to 1890. 


Discussion of why assumptions have little effect on time predicted to comptetely 
cover USA with trackage. 


TPT 28, 170 (1990) - Halfway on log scale is square root of 10. 500 is therefore 
closer to 1000 than halfway, leading to rounding rule for log scales. 


Ease of Setup/Construction: A/A 
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VECTORS 
Addition of Vectors 


RELATED REFERENCES 


M-064 
Cardboard Box & String 


DEMONSTRATION 

Sides of box represent vectors on 
sides of parallelogram. String 
along diagonal represents vector 
sum. Distort box from rectangle 
into parallelogram to show 
maximum of A+B and minimum of 
A-B. Idea from TPT 22, 55 (1984). 


CONSTRUCT using box about 20 x 30 
cm with bottom and part of sides 
cut off. Cut off top flaps 
leaving 2-3 cm to turn outward. 
On two adjacent flaps draw the 
two vectors to be added. Add 
string thru diagonal. 


TPT 27, 96 (1989) - Ingenious use of Valentine’s Day to emphasize vectors. 


Ease of Setup/Construction: A/A 
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VECTORS M-068 
Addition of Vectors Vector Board - Alg.Sign Marker 


DEMONSTRATION 

Use arrows "head to tail" to show addition of different vectors at 
differing angles. Complete, or close, figure with final or resultant 
vector. Also illustrate commutative law of vector addition by 
producing same resultant when varying ORDER of vector addition. 


CONSTRUCT of galvanized (magnetic) sheet about 65x90 cm with rulings 
scribed every 5 cm. Make arrows of aluminum in 4 different lengths 
painted different colors. Short lengths of magnetic strip (looks like 
TV twin lead) are epoxied to back of arrow allowing vectors to be 
stably positioned on board. 


At lower right, plastic milk jug caps are fitted inside with cardboard 
fillers and button magnets. Use one color cap for plus and another for 
negative and mark sign of charge on tops with magic marker or black 
electrical tape for electricity demos. 


RELATED REFERENCES 


TPT 25, 380 (1987) - Integer solutions table for adding mutually perpendicular 
vectors in both 2 and 3 dimensions, e.g., 3-4-5 triangle. 


Ease of Setup/Construction: A/B 
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VECTORS M-072 


Addition of Vectors Force Table 
DEMONSTRATION 
he ae available. Use to sho 
that TN N is not eS 


In enh ens show that 3°N + > 
N if the two smaller forces aoe, 
perpendicular to each other, i.e., 


DIRECTION matters. 


ALTERNATE is to mount pulleys on 
vertical piece of pegboard and 
use hanging masses. 


RELATED REFERENCES 


TPT 27, 92 (1989) - Vector addition of parallel, non-colinear vectors applied to 
engineering. 


Ease of Setup/Construction: B/C 
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‘MOTION IN ONE DIMENSION 
Falling Bodies 


RELATED REFERENCES 


M-088 
Coin and Feather in Tube 


DEMONSTRATION 

Show comparison of fall rates of 
coin and feather. Note that feather 
reaches terminal velocity and lags 
coin substantially. Penny produces 
audible sound clue as to "almost" 
free fall. Evacuate air with vacuum 
pump and repeat to show coin and 
feather fall together, if tube is 
large enough for feather not to drag 
on wall. Readmit air slowly and 
repeat for contrasting behavior. 


CONSTRUCT using acrylic tube about 7 
cm OD with 3 mm wall and 1.2 m long. 
For convenience, arrange valves in 
vacuum tubing so tube can be 
disconnected from pump and turned 
upside down. Also fit with valve to 
slowly admit air to show effects of 
various pressures. 


TPT 25, 445 (1987) - "Teaching Mechanics with a Digital Camera" - Camera used to 


send image to computer. 


TPT 31, 50 (1993) - Lab uses ratios for skydiver with and without parachute to 
calculate terminal velocity of person with no chute. 


Ease of Setup/Construction: B/C 
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MOTION IN ONE DIMENSION M-094. 
Freely Falling Bodies Sinkers on Pan 


DEMONSTRATION 
Stand on table or chair with pan on floor and drop 


string. Sinkers hit at equal time intervals although 
distance intervals are quite unequal. 


QUESTION - Using same apparatus on Moon, how do the 
observations change? 


CONSTRUCT by crimping lead fishing sinkers to 2.6-m 
FLEXIBLE fish line (cotton). Leave 1 cm at end to tie 
to cookie or bread pan. From that point place sinkers 
at S, 4S, 9S, 16S, 25S. S=10 cm is good value for 


audience visibility. This makes time interval between 
sounds 0.143 sec. 


Gravitational field INSIDE earth computed in AJP 59, 
954 (1991) for non-uniform density. Result shows 
substantial increase in "g" instead of 1/r found in 
usual assumption of uniform density. For result of 
other assumptions, see TPT 30, 342 (1992). 
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0.5 g(2t,)*? = 48, 
0.5 g(3t,)* = 9S 


Y 
ll 
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RELATED REFERENCES 

AJP 55, 324 (1987) - Corrections in "g" measurement for latitude, altitude and air 
drag needed if fall times measured to 10 microsec. 

TPT 26, 218 (1988) - Direction of "g" with plumb line. 

TPT 26, 448 (1988) - Measuring "g" by pushing trucks across parking lot. 


Ease of Setup/Construction: A/B 
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MOTION IN ONE DIMENSION M-098 
Freely Falling Bodies Reaction Time with $ Bill 


DEMONSTRATION 

QUALITATIVE - Offer to give $ bill to student who 
can catch it in free fall. Hold bill by one end and 
have student position open fingers opposite 
Washington’s picture. Release bill and have student 
try to close fingers to catch it WITHOUT moving 
hand down. Unless student anticipates the instant 
of release, bill cannot be caught. Half length of 
bill is 7.7 cm which is traversed in about 1/8 sec. 
Time for impulses to travel from eye to brain to 
fingers is about 1/7 sec or longer. 


QUANTITATIVE - Replace $ bill with meter stick and 
have student place fingers opposite 50-cm mark, 
then drop. Stick usually falls 15-25 cm before 
catching, well over the length of the bill. From s 
= 0.5 g t*, using measured value of s, calculate 
reaction time, about 1/5 s. 


ALTERNATIVE - Algebra in free fall equation can be 
avoided by marking a ruler with a zero mark (near 
one end) and then at the distances for free fall in 
time of 0.05, 0.10, 0.15, 0.20, 0.25 sec. These 
correspond, respectively, to 1.2, 4.9, 11.0, 19.6, 
30.6 cm. Thus, time can be read directly from 
stick. This is the simplest type nomograph. From 
TPT 23, 314 (1985). 


QUESTION - Are you more or less likely to lose your 
dollar on Moon? WHY? 


RELATED REFERENCES 

TPT 26, 108 (1988) - Measuring "g" using computer interfaced to apparatus. 

TPT 28, 291 (1990) - Historical review of methods of measuring "g" including values 
and precisions for locations around world. 16 references 


Ease of Setup/Construction: A/A 
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MOTION IN ONE DIMENSION M-102 


Freely Falling Bodies 


Phemales Phar Physics 
SajeWeyy Jog soisiug 


RELATED REFERENCES 


Bubble in Water-Filled Tube 


DEMONSTRATION 

Invert tube and toss immediately into air 
to show that bubble ceases to rise because 
buoyant force, coming from weight of 
displaced fluid, disappears in the 
accelerated frame of reference of the 
falling body. 


CONSTRUCT using acrylic tube about 4 cm OD 
with 3 mm wall and about 1.2 m long. Seal 
one end with acrylic plate and fill with 
water colored with food coloring. Leave 
3-4 cm air space and seal other end 
tightly with rubber stopper. Tape stopper 
to prevent accidental water release. 


QUESTION - How will this demo differ on 
the Moon? 


TPT 27, 295 (1989) - "The Rising Cork" - Combination of fluid flow out bottom of 
tube and buoyancy and gravity forces. 


Ease of Setup/Construction: 


A/C 
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MOTION IN ONE DIMENSION M-104 
Freely Falling Bodies Falling Stick Acceleration >g 


DEMONSTRATION 

Raise stick with lower end on hinge or against stop. Ball or coin 
placed at outer end of stick will accelerate at "g". Center of mass of 
Stick also accelerates at "g", but outer end has acceleration greater 
than "g". Hence stick falls out from under ball, which can be made to 
land in cup. Cup position must be adjusted so its final position is 
directly beneath ball when ball is in raised position. Photo shows 
board in motion with tip of finger about at point of release. 


RELATED REFERENCES 
TPT 24, 293 (1986) - Discussion of above. 
TPT 30, 260 (1992) - Analysis if fixed mass is added to stick. Excellent example of 


need for algebraic analysis to PROPERLY predict result. Also example of 
dimensionless ratios. 


Ease of Setup/Construction: A/B 
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MOTION IN ONE DIMENSION M-106 
Tension and Weight Weight on Acc. Spring Balance 


DEMONSTRATION 

Accelerate balance up or down vertically to 
show change in apparent weight due to 
accelerated, or non-inertial, frame of 
reference. Use pulley system similar to 
Atwood’s machine to permit sustained 
acceleration. Relate to elevator problems. 

For frame accelerating in free fall see M-188. 


IDEA - Encourage students to carry bathroom 
scale onto school elevator and calculate some 
accelerations from scale readings as elevator 
starts and stops. 


eorge 
G g by G. Freier 


1 DONT UNDERSTAND THIS 
FORCE LABELED h IN 
ALL THESE. OLD BOOKS 

~ Saun 


RELATED REFERENCES 


TPT 26, 8 (1988) - Contrast, with good examples, between what is read on SCALE vs. 
what is MEASURED. 


Ease of Setup/Construction: A/B 
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MOTION IN ONE DIMENSION M-108 
Uniformly Accelerated Motion Ball on Incline 


DEMONSTRATION 


Roll glass or steel marble down inclined aluminum track made of right 
angle stock. (Rotational energy affects results slightly. ) Strobe 
light of sufficient intensity may be used to locate position of marble 


at equal time intervals. Compare with M-418, High Road-Low Road, which 
involves non-uniform acceleration. 


= g sin © 


N 


RELATED REFERENCES 

TPT 24, 356 (1986) - Classic problem of police chasing speeder has analog in toy car 
on incline vs. one on level. See also TPT 26, 42 (1988). 

TPT 24, 401 (1986) - Golf application is stimpmeter to measure "green speed". 


TPT 27, 625 (1989) - TV camera and VCR shows frame-by-frame slow motion for lab 
experiment. 


Ease of Setup/Construction: A/B 
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MOTION IN ONE DIMENSION M-116 
Variably Acelerated Motion Golf Ball in Jar 


DEMONSTRATION 

String and ball swing away from vertical when 
accelerated with hand along table top or when 
accelerating (running) with jar. Buoyant force is. 
small compared to weight of ball. Now use jar 
shown in M-350 having hollow "practice" golf ball 
connected to string epoxied to bottom of jar. 
Repeat demo. Buoyant force is now the important 
one and weight is small in comparison. See M=-350 
for comparison of these 2 balls in rotating 
reference frame. Draw vector force diagrams 
carefully. 


CONSTRUCT by epoxying one end of string to surface 
of golf ball and other end to screw top of tall 
jar or 3-liter soft drink bottle. 


"GEORGE" By G. Freier 


THE TENSION INTHE STRING AND THE 
WEIGHT COMBINE TO GIVE THE BALL TRE SAME 
ACCELERATION AS THE OBSERVER 


RELATED REFERENCES 
TPT 25, 36 (1987) - "The Stoplight Problem Revisited" - Under some conditions, car 
may be too close to stop yet too far to get thru yellow light. 


TPT 26, 423 (1988) - Race cars hitting grassy infield while braking illustrate the 
"jerk", j = da/dt. 


Ease of Setup/Construction: A/B 
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MOTION IN ONE DIMENSION M-120 
Variably Accelerated Motion Heavy Ball vs Light Ball 


DEMONSTRATION 

Use volunteer to drop heavy and light SOLID 
balls of sizable diameter simultaneously from 
atop ladder onto cushion. Use other volunteers 
as observers as objects hit cushion. Hea 
object usually appears to hit slightly AFTER 
lighter one. Reason is that muscles clenching 
heavy object release slightly slower than 
fingers holding lighter object. 


DISCUSS qualitatively comparison of dropping 
HOLLOW sphere such as Ping Pong ball and SOLID 
sphere of similar diameter. Air drag, usually 
ignored, becomes greater fraction of weight for 
Ping Pong ball than for solid ball. 


GEORGE By G. Freier 


\NE THEN “GET THE WELL 
KNOWN EQUATION - anh- P= GIy. 
ae 


* * SAFETY NOTE * " 
Heavy falling objects can damage TOES. Use care. 


Ease of Setup/Construction: A/A 
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MOTION IN ONE DIMENSION M-136 
Terminal Velocity Flat $ Bills & Coffee Filters 


à DEMONSTRATION 


. Drop flat and crumpled bills simultaneously. Crumpled 
i U bill has acceleration close to "g", but flat bill has 
Significant air drag. Now place bill underneath a book 
A , and drop. Compare with bill placed on top of book and 
| Mo dropped. Discuss "drafting" as used by race car drivers 
~ or motorcyclist following dangerously close behind a 
į truck. 


COFFEE FILTERS exhibit drag based on square of velocity 
per analysis below. 
ASSUMPTION: Terminal velocity is reached quickly 
LET: N = Number of filters 
= Mass of each filter 
V = Terminal velocity 
= Drag coefficient dependent upon area 


CASE I - If Forag ~ V then Nmg = cV 
DOUBLING N will double V so: 
2 filters will fall twice as fast as one OR 
2 filters will fall 2 m while 1 filter falls 1 m 


CASE II - If Firag ~ V? then Nmg = cV? 
QUADRULPLING N will double V so: 
4 filters will fall 2 m while 1 filter falls 1 m OR 


2 filters will fall 1.41 m while 1 filter falls 1 m 
RELATED REFERENCES 
TPT 24, 153 (1986) - Experiment and video tapes on air drag. 
AJP 55, 649 (1987) =- Crumpled paper balls of various sizes used to study fractal 
geometry. Includes experiment with distribution curve. 


TPT 25, 505 (1987) - Experiment with prism-shaped object shows drag proportional to 
velocity squared. 


TPT 26, 278 (1988) - Coast down data on autos shows dependence on velocity squared. 


Ease of Setup/Construction: A/A 
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MOTION IN A PLANE M-158 
Projectile Motion Ruler and Two Coins-Spring Gun 


DEMONSTRATION 

Use ruler at edge of table, with pencil 
as pivot, to cause one coin to drop 
vertically while other coin is propelled 
horizontally. Both hit level floor 
simultaneously showing time of fall is 
independent of any horizontal motion. 
Test by changing height of fall and 
initial horizontal velocity. 


SPRING GUN, commercially available, 
releases one object to fall straight down 
while simultaneously propelling other one 
horizontally. Spring can be compressed to 
two different stops to provide greater 
horizontal range in same fall time. 


RELATED REFERENCES 

TPT 25, 60 (1987) - Coffee can with 2 holes gives intersecting parabolic water 
streams. One can soldered inside other gives unexpected result. 

AJP 55, 432 (1987) - ICBM range, flight time and maximum height compared to 


predictions of 5 simple approximations. Simplest of solutions appropriate for first 
year students. 


Ease of Setup/Construction: A/A 
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MOTION IN A PLANE M-162 
Projectile Motion Baseball Timer 


DEMONSTRATION 

Commercially available (Mattel #3652), baseball houses timer and 
battery. Sudden deceleration when catching or dropping stops timer. 
Pressing dot on side of ball resets to zero and starts timer when 
pressure on dot is released. Measures time of flight and average speed 
(for near straight line flight). From TPT 26, 124 (1988). 


RELATED. REFERENCES 


AJP 55, 37 (1987) = Flyball trajectory = graphical solution with numerical 
integration. 


* * SAFETY NOTE * * 
This ball is harder than most thrown in classroom. USE CARE. 


Ease of Setup/Construction: A/C 
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MOTION IN A PLANE M-166 
Projectile Motion Strobe Photo Analog 


DEMONSTRATION 

Simulates various positions of freely 
falling body projected with BOTH 
horizontal and vertical velocity 
components. For no initial vertical 
velocity, position stick horizontally. 
Shorten or lengthen support string as 
desired for other cases. Angle between 
stick and horizontal represents initial 
elevation angle. Use horizontal 
reference to demonstrate maximum 
horizontal range for elevation angle of 
45 deg. 


CONSTRUCT by hanging from 1-m stick, 
small balls or similar objects from 
strings or rods attached to screw eyes 
(as pivots). Make length of string or 
rod S, 4S, 9S, 16S, etc, up to 1005, 
using spacing interval on stick of 10 
cm. Affix fork with pin thru zero end 
of stick as axle for support. String of 
length S goes at 10 cm from axle, 4S at 
20 cm, etc. Drill hole near 100-cm 
mark and tie string to support stick as 
beam. 


RELATED REFERENCES 


TPT 24, 495 (1986) - "Projectile Motion Board" - Spark paper used with ball bearing 
to mark path. 


TPT 26, 294 (1988) - Garden fountain at Univ. of Virginia produces parabolic path of 
drops from rotating jet. 


TPT 30, 167 (1992) - Photo of parabolic path of water from hallway water cooler. Can 
you find initial velocity of water? 


Ease of Setup/Construction: B/B 
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MOTION IN A PLANE 
Projectile Motion 


RELATED REFERENCES 


M-170 
Monkey Gun 


DEMONSTRATION 

Attach thin metal plate to small 
stuffed monkey and suspend plate from 
electromagnet. Aim "gun", made from 
hollow metal tube fitted with metal 
bullet, at suspended monkey. Trip wire 
at gun muzzle opens electromagnet 
circuit to drop monkey as bullet is 
expelled by blowing thru tube. Bullet 
hits monkey regardless of changes in 
initial velocity of bullet or height 
of monkey, providing gun is 
bore-sighted on monkey before firing. 
Using metal juice can instead of cloth 
monkey provides audible indication of 
uhit”, 


Discuss trajectory of bullet and 
monkey if gravity could be turned off. 
Use M-166 to show actual trajectory of 
bullet. Compare paths of bullet as 
seen by hunter and as seen by monkey. 


Can add realism by using toy cloth 
monkey with steel plate sewn into 
head. Have assistant ready with 
hatchet or toy cap pistol so if you 
miss, assistant can rush up and finish 
off monkey. 


TPT 25, 577 (1987) and AJP 55, 432 (1987) Cheaper versions of monkey gun, one of 


which uses darts. 


TPT 27, 356 (1989) - Bore sighting rifle vs. barrel sight. 


Ease of Setup/Construction: 
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MOTION IN A PLANE M-182 
Relative Motion Projectile Cart 


DEMONSTRATION 

Commercially available four-wheel cart fitted with spring-loaded 
piston can be used to propel ball vertically. After firing, ball 
returns to funnel-shaped cup around piston. Roll cart along table at 
as nearly constant speed as possible so as to pass over small object 
capable of tripping spring to fire ball. Ball should follow parabolic 
arc and return to funnel showing constant horizontal velocity before, 
during and after flight. 


Shown at right is locally made version having stiffer spring and using 
track. Cart goes thru tunnel as ball passes over top. 


RELATED REFERENCES 

TPT 26, 245 (1988) - Ref frame attached to moving object helps to predict result for 
projectile fired from cart accelerating down inclined plane. Good application of 
frames of reference concept. See also TPT 25, 28 (1987). 


Ease of Setup/Construction: A/B 
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MOTION IN A PLANE M-188 
Non-Newtonian Frame Water/Masses in Styrofoam Cup 


DEMONSTRATION 

WATER IN CUP - Use knife to punch two 
holes on opposite sides of styrofoam 
cup near bottom. Fill with water and 
drop from height of several meters. 
During free fall, in accelerated 
frame of cup, water exerts no weight 
on cup; hence no pressure and stream 
ceases. 


MASSES IN CUP - Drop cup with masses 
(20-25 gm) hooked over edge and held 
up by rubber band. Weights jump in 
cup during free fall because, in 
accelerated frame of cup, elastic 
force exists but weight of masses 
does not. 


CONSTRUCT by cutting hole in bottom 
of cup to accept small cork to which 
rubber bands are held with small 
screw eye. 


RELATED REFERENCES 


TPT 27, 40 (1989) - Steel washers hanging over edge of plastic flower pot is GIANT 
model of above. 
TPT 28, 542 (1990) - "Inertial Forces on an Overhead Projector" - Linear motion on 


one transparency overlaid on second transparency having uniform circular motion. 


Ease of Setup/Construction: A/A 
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MOTION IN A PLANE 
Uniform Circular Motion 


—_> -p ~P 
Vy = xr (vector) 
—y -e -F 


-07 
ap = XVX Fr (vector) 


RELATED REFERENCES 


rotation and thumb is then 


M-194 
Arrow on Disk 


DEMONSTRATION 

Use arrow tangent to disk to represent 
tangential velocity vector. Rotate arrow 
to point radially inward to represent 
centripetal acceleration vector. For 
simple harmonic motion demos project 
shadow of arrow on screen. 


MENTION that ANGULAR velocity vector is 

also represented by an arrow, i.e., 

fingers of right hand in pacta of 
vector. 


CONSTRUCT of 1/8" Masonite or aluminum 
sheet cut into circular disk 25-35 cm dia 
with hole in center for clamping to lab 
rotator shaft. Make post with brightly 
painted arrow on top to screw to 
periphery of disk. 


IDEA - Use two arrows of different size, 
shape and color, one above other so as to 
represent, simultaneously, velocity and 
acceleration vectors. 


TPT 31, 120 (1993) - Four unusual devices easily built with pulleys showing various 
mechanical advantages plus ellipse generator. 


Ease of Setup/Construction: 


B/C 


DICK and RAE Physics Demo Notebook 


04-93 


Cepyright 1993 by DICK and RAE, Inc. 


MOTION IN A PLANE 
Uniform Circular Motion 


RELATED REFERENCES 


M-198 
Three Neons & Ball on a String 


DEMONSTRATION 

Use small plastic or rubber ball attached to 
string and whirl in horizontal plane to aid 
discussion of circular motion quantities. 
Can also thread string thru short length of 
glass tube (fire-polished ends). See M-742. 


NEONS can be whirled in vertical circle in 
semi-darkened room. Explain that gas 
discharge begins when AC voltage reaches 
about 85 V and extinguishes at about 65 V 
causing bulb to be on every 1/120 sec. Speed 
of revolution can be estimated by timing one 
rev or estimating number of dashes of light. 
Bulbs at greater radii have same angular 
speed but larger tangential speeds. 


CONSTRUCT using "zip" cord with one 22K - 
1/4 W current-limiting resistor in series 
with each NE-2H bulb. NE-2H is brighter than 
NE-2. Each bulb-resistor combination is in 
parallel with others. Single series resistor 
for all three cannot be used. 


= —> — 
vy = xr (vector) 
In horizontal circle (assumed flat): 
Tension = map = m&r = mv,7/r 
In vertical circle, © tends to increase 
noticeably near bottom, unless rotation 
rate is large. 


AJP 55, 275 (1987) - Application to earth satellite motion. 
TPT 31, 84 (1993) - AAPT Metric Education and SI Practices Committee discusses 
whether or not "rad" should be included in units for angular motion. 


* * 


SAFETY N OTE i - 


Avoid obstacles in path of swinging bulbs. USE CARE in wiring bulbs and resistors to 
not leave bare wire exposed. ACCIDENTAL contact with 120 VAC can be fatal under some 


circumstances. 


Ease of Setup/Construction: 


A/B 
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NEWTON’S LAWS OF MOTION M-222 


First Law - Inertia 


To keep object almost stationary: 


Ap=mAv=FAt 
Make At = 0 to get Av = 0 


Coke Bottles & Dollar Bill 


DEMONSTRATION 

Place one Coke bottle upside down on top of 
another, mouth-to-mouth, with $ bill between them. 
Hold bill at end with considerable slack in bill. 
Using one finger of other hand, strike bill sharply 
to remove bill without toppling bottles. New bill 
works better. Use 10 or 16 oz size after some 
practice. 


ALTERNATE, if glass bottles not readily available, 
is to use plastic 12-16 oz drink bottles about 3/4 
filled with water. Color water in UPPER bottle with 
food coloring for good visibility. Water increases 
mass so lighter plastic bottle does not topple and 


glug-glug action enhances effect. Ref. TPT 23, 560 
(1985). 


Food coloring may STAIN clothes. 


Ease of Setup/Construction: A/A 


03--93 
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NEWTON’S LAWS OF MOTION M-226 
First Law - Inertia Coin-Card-Glass & Ball-Card 


DEMONSTRATION 


Flick card sharply with finger so it flies off 
and coin drops in glass. 


COMMERCIAL MODEL uses spring steel "finger" to 
flick card out while ball drops into depression 
in top of post. 


To keep object almost stationary: 
Ap=m Av=FAt 
Make At = 0-to get Av = 0 


Ease of Setup/Construction: A/A 
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NEWTON’S LAWS OF MOTION M-230 
First Law - Inertia Pen and Embroidery Hoop 


DEMONSTRATION 

Balance inner ring of embroidery hoop about 
25 cm dia atop soft drink bottle. Remove cap 
from plastic pen (such as Flair) having 
larger barrel with FLAT end. Balance flat 
end of pen barrel atop hoop. Snatch hoop 
from beneath pen. 


Facing sketch, right-handed demonstrator 
swings outstretched finger rapidly toward 
— INSIDE of hoop just below B, missing A. This 
. yo tends to elongate hoop HORIZONTALLY. Try to 
contact hoop at about 8 o'clock position (or 
4 o'clock if left-handed) to avoid 
rotational motion which causes pen to twist. 
Pen should fall in bottle. 


Hitting hoop on OUTSIDE at A should tend to 
elongate hoop VERTICALLY causing pen to jump 
upward and missing bottle on way down. 


aZ- bathe 


To keep object almost stationary: 
Ap=m 4v=F At 
Make At = 0 toget Av = 0 


Ease of Setup/Construction: A/A 


DICK and RAE Physics Demo Notebook 


04-93 Copyright 1993 by DICK and RAE, Inc. 


NEWTON’S LAWS OF MOTION M-234 
First Law - Inertia Egg & Pie Pan-Nickels & Ruler 


DEMONSTRATION 

Over glass of water, place light-weight pan, piece 
of tubing (about 2.5 cm OD x 7 cm long) and raw 
egg. When pan launched by broom, egg falls into 
glass of water. To launch pan, step on broom straw, 
pull back on broom handle and release. Locate pan 
assembly near edge of table so broom handle strikes 
pan but not glass. CAUTION: To avoid catastrophe, 
use table firmly fixed to floor or have assistant 
sit on table! 


ADVANCED DEMONSTRATORS use 4 eggs over 4 glasses 
with common pan launched by one broom. 


WOODEN NICKEL STACK can be struck sharply at bottom 
using thin steel ruler to remove bottom nickel 
without disturbing remainder of stack. With 
practice it is possible to strike nickel out to 
left followed by one to right on return stroke, 
then left and continue in rapid fire order as stack 
Slowly sinks to table! 


To keep object almost stationary: 
Ap =m Av =F At 
Make At = 0 toget Av% 0 


RELATED REFERENCES 
TPT 26, 165 (1988) - Apples instead of eggs. 


Ease of Setup/Construction: A/A 
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NEWTON’S LAWS OF MOTION M-242 


First Law - Inertia 


To keep object almost stationary: 
AL =I Aw = T At 
Make At = 0 toget Aw% 0 


RELATED REFERENCES 


Pull Toilet Roll - Jerk Cloth 


DEMONSTRATION 

Construct board or sling on which to hang 
toilet paper roll. Tissue unrolls if pulled 
slowly. When jerked, inertia of roll causes 
breaking of tissue before acceleration. 


JERK TABLECLOTH as shown in M-524. Set 
table with various plates and glasses and 
flatware using slick tablecloth of fabric or 
paper. Grasp edge of cloth with both hands 
and pull sharply DOWNWARD over edge of 
table. Do not use nylon. It stretches 
excessively. 


TPT 28, 36 (1990) - "The Jerk" - Good discussion with 7 refs and examples of j = 


da/dt. 


Ease of Setup/Construction: 


A/B 
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NEWTON’S LAWS OF MOTION M-250 
First Law - Inertia Break String with Large Mass 


DEMONSTRATION 

Suspend 1-kg masses with LIGHT string 
from STURDY metersticks clamped to 
Support. One is suspended ~95 cm from 
clamp; other ~60 cm. Place cushions below 
to catch masses. Lift mass on 95-cm stick 
~10 cm and release suddenly. Stick should 
flex without breaking. Repeat with 60-cm 
stick and string will break. Discuss 
impulse to absorb momentum of falling 
mass. Ref TPT 27, 394 (1989). 


ALTERNATE is to suspend mass of 10-20 kg 
with single strand of string with 
breaking tension slightly greater than 
weight of mass to show that STEADY pull 
does not break string. Now place rod 
through loop of string (double string) 
attached to BOTTOM of mass. Snatching rod 
breaks lower, double string whereas slow 
Steady pull breaks upper, single string. 


QUESTION - If doing this demo on Moon, 
how would you change items used? 


Photo below taken at S.E.Section of APS, 
showing wooden rod 1.5-2 m long, with 
pins in each end, supported by two water 
goblets on top of cardboard boxes. Strike 
rod sharply with heavier aluminum or 
brass rod. Wood should break without 
breaking goblets. 


RELATED REFERENCES 
TPT 31, 230 (1993) - "The Breaking Broomstick Demonstration" - Described in year 
1532. Details on above demo with hints on having it work every time. 


Ease of Setup/Construction: B/C 
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NEWTON’S LAWS OF MOTION M-254 
First Law - Inertia Hammer & Plate 


DEMONSTRATION 

Place hand on table underneath 1/4" thick 
steel plate. Pound on plate with hammer 
without hurting hand. 


ALTERNATIVE is to place several books on 
top of head and have student drive nail 
into wood block placed on top of books. 


RELATED REFERENCES 


TPT 26, 34 (1988) - Discussion of energy vs. impulse related to hammering nail into 
block on top of head. 


Ease of Setup/Construction: A/A 
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NEWTON’S LAWS OF MOTION M-258 
First Law - Inertia 


RELATED REFERENCES 


Hanging Mass and Stick 


DEMONSTRATION | 
Suspend 20-30 kg object with rope about 
2 m long. Show that slow, steady push 
easily deflects object. Then strike 
object sharply with "bat" made of 3/4" 
soft pine board. For harder woods, "bat" 
cannot be quite so thick. Mass has. 
sufficient inertia that force on board 
is quite large for a very short time, 
breaking board. Before striking, take 
off watch and close mouth if wearing 
false teeth! 


AJP 54, 340 (1986) - "The Relation Between Gravitational Mass, Inertial Mass, and 
Velocity" - Einstein’s Principle of Equivalence extended to special relativity. 


Ease of Setup/Construction: 


B/B 
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dae labiesi 


NEWTON’S LAWS OF MOTION M-264 
First Law Rope Tension 


“18 ne len ay, 
jj 6 


DEMONSTRATION 

First set up pair of outer scales as shown with identical masses to 
produce tension in string. Note to students that tension reading 
equals weight of either mass (not their combined weight) OR weight of 
mass PLUS scale, depending upon which end of scale is attached to 
string. Attach third scale midway between the other two and pull down 
as shown. Small deflection of string from horizontal requires very 
small deflecting force as in M-268. Increasing deflection requires 
more deflecting force WITHOUT change in tension read by outer pair of 
scales. DISCUSS special case when each string segment makes 60 deg 
angle to deflecting force. Again, remember to include scale’s mass 
depending upon which way scale was attached. 


RELATED REFERENCES 


TPT 26, 8 (1988) =- Contrast, with good examples, between what is read on SCALE vs. 
what is MEASURED. 


TPT 27, 416 (1989) =- Cute SPOOF on comedy of errors when bricklayer lets go of rope 
to which bucket of bricks is attached. 


Ease of Setup/Construction: B/B 
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NEWTON’S LAWS OF MOTION M-268 
First Law Secretary Beats Two Professors 


NOTE: USE THIS METHOD THE 
NEXT TIME YOUR AUTO 
GETS STUCK. TIE A 
ROPE FROM 


a Cs ee oe) 


YOUR BUMPER TO A TREE; 

A PUSH P ON THE ROPE 
WILL EXERT A MUCH LARGER 
FORCE ON YOUR AUTO THAN 
IF YOU PUSHED ON IT 
DIRECTLY, 


DEMONSTRATION 

No matter how hard two people pull on ends of rope, a third can 
deflect the rope with little effort. At equilibrium: T sin © + T sin 6 
= P, but @ is small so that sin @ = @ (in radians). Hence 2T@ = P and 
the angle is so small that P is much less than T. 


ALTERNATIVE is to use spring scale, masses and pulleys. Masses can be 
moved with much smaller deflecting force read on scale than if masses 
were lifted directly. 


APPLICATION is to attach car frame to tree with sturdy chain. Move car 
so that chain becomes taut and set brakes firmly. One, or perhaps two, 
persons standing on chain will cause car to skid toward tree with 
wheels locked. Concept can be used to move car stuck in mud or snow, 
providing you have length of chain and handy tree. 


RELATED REFERENCES 


TPT 31, 104 (1993) - Free-Body diagrams (32) can be reproduced for use as lst & 2nd 
law examples in lecture or as problems. 


Ease of Setup/Construction: A/A 
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NEWTON’S LAWS OF MOTION M-272 
First Law Cart on Inclined Plane 


DEMONSTRATION 

Hang block above plane by means of pulleys and hanging masses of 
proper value to produce required force components in strings parallel 
and perpendicular to plane. Remove plane to show it exerts no forces 
on block. Example shown here is W = 1.32*9.8 = 12.9 N which requires 
12.9 sin 37 deg or 7.76 N up plane and 12.9 cos 37 deg or 10.35 N 
perpendicular to plane. 


CONSTRUCT from shelving board forming right triangle with sides in 


ratio 3:4:5. Paint sides in strips of contrasting colors to show 
number of length units. 


Ease of Setup/Construction: B/B 
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NEWTON'S LAWS OF MOTION M-278 
First & Second Laws -=  Atwood’s Machine 


DEMONSTRATION 

Insert spring balances, calibrated in Newtons, in 
both sides to show difference in string tension 
during acceleration and when at rest. Note that 
balances are upside down so that weight of 
balance’s mechanism adds to hanging mass and 
increases tension accordingly, and equally. 
Experimental and theoretical values of 
acceleration compare favorably, IF friction and 
moment of inertia are both low. 


Low-friction pulleys available commercially or 
can be constructed. Systems Management Associates 
has excellent ball-bearing pulleys and 
accessories, including an assembly designed for 
Atwood’s machine. 


CONSTRUCT low-friction ball-bearing pulley of 
acrylic with holes drilled in interior to reduce 
inertia as well as friction. Diameter of 10-15 cm 
allows masses on either side to pass without 
bumping. 


IDEA - Encourage students to carry bathroom scale 
onto school elevator and calculate some 
accelerations from scale readings as elevator 
starts and stops. 


For frictionless, inertialess pulley: “GEORGE” By G. Freier 
m > mı and T, =T; =T Ka 
T -mg = m, (-a) 

T-m,g = m;a 

Subtract to get: 

a = g(m5 = m4)/(m3 + m4) 


Today we study Simple Machines 
RELATED REFERENCES 
TPT 25, 514 (1987) - Experiment using stepped inertia pulley. 

AJP 55, 514 (1987) - Good pedagogical technique for reducing multiple compound 
pulleys to single one, thereby avoiding solution of simultaneous equations. 
AJP 55, 753 (1987) - Accelerated motion with variable weights. 


Ease of Setup/Construction: B/B 
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NEWTON’S LAWS OF MOTION M-282 
First & Second Laws Human Air Puck 


DEMONSTRATION . 
Sit on inverted box. Turn on motor to get lift and have someone 


provide small shove. Works best on polished tile floor. See reference 
for slightly different design. 


CONSTRUCT using three 3/8" plywood sheets to just cover each of 3 
small motorcycle inner tubes. Attach these to wood frame in shape of 
wT", Mount vacuum cleaner on frame and cover with inverted plastic 
carryall as seat. Tubes and frame should have C.G. about where vacuum 
cleaner and "seat" are. Output hose of vacuum cleaner or leaf blower 
has coupling to attach one hose to region inside each tube. Model 
shown produced by "The Stray Cats", a group of Japanese high school 
teachers at 1991 Fuji Conference. 


RELATED REFERENCES 


TPT 27, 615 (1989) - Idea presented in VMI workshop (1987) by Barbara Saur written 
up by Kenneth Altshuler. 


TPT 29, 82 (1991) - Hovercraft (puck) using human pedal power designed and executed 
as student project. 


ji i SAFETY N OTE * ji 
Puck can be slightly unstable. Use care not to slide off seat. Do not allow students 
to shove too hard. Large gym floor is safer. 


Ease of Setup/Construction: B/C 
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NEWTON’S LAWS OF MOTION M-288 
Second Law of Motion Dart Guns 


- DEMONSTRATION 

Purchase two identical dart guns and epoxy marble 
to suction cup of one dart. Aim at target (up, 
down or horizontal) and ask students which dart 
will reach target first. Assuming both guns 
deliver same force, the lighter dart experiences 
greater acceleration (a = F/m) and reaches target 
first. Students often predict opposite when fired 
downward. Shoot simultaneously to prove it! 


RELATED REFERENCES 


AJP 59, 568 (1991) - Free fall timer using low cost sensors connected to commercial 
lap timer. 


Ease of Setup/Construction: A/B 
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NEWTON’S LAWS OF MOTION 
Impulsive Forces 


M-300 
Cart and Medicine Ball 


DEMONSTRATION 

Student standing on floor throws 
medicine ball (or gallon plastic jug 
of sand) to demonstrator standing on 
cart. Ball provides momentum exchange 
or "action-at-a-distance". 


CONSTRUCT carts using 3/4" plywood 
about 60x100 cm with hard ball bearing 
wheels (skate wheels are 
satisfactory). Design to hold up to 
three students each. Skate boards not 
as effective because it is diffricult 
to maintain straight line motion. 


- a SAFETY NOTE m : 
Throwing heavy balls while standing on rolling carts can be HAZARDOUS! Use carts 


carefully. 


Ease of Setup/Construction: B/C 
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NEWTON’S LAWS OF MOTION M-312 
Internal Forces Two Carts and Medicine Ball 


DEMONSTRATION 

With person on each cart, and carts 
coupled together with locking bar, game 
of catch with medicine ball results in no 
net movement. If white radial stripe is 
painted on cart wheels, class can see 
wheels move slightly while ball is 
airborne only. 


CONSTRUCT carts as in M-300. 


j ” SAFETY N OTE i i 
Thro ee objects while standing on rolling carts can be HAZARDOUS! Use carts 
carefully. 


Ease of Setup/Construction: B/C 
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NEWTON’S LAWS OF MOTION 
Third Law 


RELATED REFERENCES 


M-324 
Action and Reaction - Air Fan 


DEMONSTRATION 

Persons on two carts play toss 
with sand jug, each receiving a 
reaction as result of throwing jug 
(action). Can also push on one 
another with flat outstretched 
palms to illustrate 3rd Law. Show 
2nd Law by placing two persons on 
one cart and one on another cart. 
Shows different accelerations for 
SAME force. DISCUSS other 3rd Law 
examples including rockets, being 
careful to ask ON WHAT & WHERE 
does reaction force act. CONSTRUCT 
carts as in M-300. 


FAN CART commercially available or 
built using toy DC motor. Show 
action without plate. Then insert 
plate in front of fan so fan force 
becomes an "internal" force. 


GEORGE By G. Freier 


(TH CART EQUALS THE FORCE OF THE |= 
-A CARTON THE HORSE, WHY DOES. J. 


——| 2 ne 
= ANYTHING MOVE $ oA a 


= 


TPT 24, 38 (1986) - Discussion of sail boat with fan on board. Experimental details 


follow in TPT 24, 392. 


TPT 25, 59 (1987) - Monkey and banana problem (Third Law) using person lifting self 


in chair suspended from block and tackle. 


TPT 26, 57 (1988) - “Figuring Physics" discusses fan on boat. 


% # 


SAFETY 


N O TE > . 


Throwing objects while standing on rolling carts can be HAZARDOUS! Use carefully. 


Ease of Setup/Construction: B/C 
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NEWTON’S LAWS OF MOTION M-336 
Friction Angle of Repose 


DEMONSTRATION 

Slowly raise inclined plane until block resting on it just begins to 
Slide. Coefficient of STATIC friction then equals tangent of plane 
angle (slope). To get SLIDING coefficient, repeat but gently tap plane 
continuously as it is raised. Use block with various face materials to 
measure differing surface characteristics. See M-340. 


GEORGE By G. Freier N - W cos @ = 0 


THE FORCE OF FRICTION DOESNT ALWAYS 
THE MOTION. WHEN T ACCELERNTE THE DISC BY A 
STRING AROUND 11S PERIPHERY THE RIGHT HAND 


f - W sin @ = 0 


a = f/N = (Wsin @)/(Wcos @) = tan@ 


Ease of Setup/Construction: A/A 
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NEWTON’S LAWS OF MOTION M-340 
Friction Coin on Table & 4-Sided Block 


DEMONSTRATION 

Place coin on outer edge of old phono turntable. Vary radius or table 
speed until coin just breaks loose. Table surface is made to have high 
coeff. so make strips of paper, plastic, Saran, etc. with hole in end 
to slip over phono center post. Try different coin sizes and calculate 
static coeff. Refer to equations below to determine if mass matters. 
What about coins of larger area? 


4-SIDED BLOCK has different material epoxied to its faces: sandpaper, 
aluminum, Teflon, Masonite, etc. Use large-dial balance to pull block 
at uniform speed along table. Add masses to top to increase normal 
force. REMEMBER friction is a very complicated process and coefficient 
is not really independent of area or speed. Why do drag racers use 
very large tires on driven wheels? 


QUESTION: What is upper limit on force person can exert in pushing 


table or car? Why? This is also about limit in squeezing bathroom 
scales with both hands! 


N 


=F, =f = marr hái 
png = mar 
p= w'r/g 


RELATED REFERENCES 

` TPT 25, 216 (1987) - Hanging spoon from nose - humerous article with photos. 

TPT 26, 225 (1988) - Tire pressure affects rolling resistance - data and analysis. 
TPT 26, 442 (1988) - Auto coast-down test is good take-home lab. 


Ease of Setup/Construction: A/B 
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= NEWTON’S LAWS OF MOTION M-350 
Uniform Circular Motion Golf Balls in Jars 


DEMONSTRATION 

Clamp board to low-friction turntable taking care to balance. Whirl 
board slowly to observe solid ball swing OUTWARD and practice ball 
INWARD! See force diagram below. Balls of same diameter have same 
buoyant force (BF). Strings have same angle (tan © = rw*/g), assuming 
r is almost same. Solid ball, substantially larger in mass (shown in 
diagram as 4:1), requires larger NET inward force than practice ball. 
Note that string tension ADDS to BF to provide acceleration and BF is 
small compared to weight. For practice ball, string force (downward at 
angle) is OVERCOME by BF which is larger than weight. 


CONSTRUCT with two identical glass jars (about 2 liter) with identical 
lids. Epoxy thin thread to ordinary golf ball and attach thread to lid 
so as to hang at about center of jar. Use hollow plastic "practice" 
ball and epoxy with thread to BOTTOM of jar. Paint both balls red to 
look identical and for good visibility. Fill jars with water. Make 
board and glue short dowelrods vertically to hold jars in place while 
whirling. i 

My r 3 
Physicists sometimes argue about diagram o mE 
having BF parallel to string. Remember BF 
comes from pressure GRADIENT across ball. 
This force must be ALONG string because 
strings cannot take transverse forces. 
Commercial demo having lamina of water 
between two plastic sheets shows water 
assuming curved upper surface when spun. 
Consider small "ball" such as single 
water molecule. It remains at fixed 
radius while spinning because molecules 
on outer side exert more force on it than 
do molecules on inner side. 


Be\ | W 


Th 


Z Urv7 rae) fe At fs 


eee eee! 


RELATED REFERENCES 

AJP 53, 915 (1985) - Above in fancier, continuously rotating model. 

AJP 56, 1046 (1988) - Candle flame and balloons filled with He and carbon dioxide in 
station wagon in tight turn. 

TPT 28, 106 (1990) - Massive board on rotatable base clamped to table. Spring 
balances measure force on brick-laden carts. 


Ease of Setup/Construction: A/B 
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NEWTON’S LAWS OF MOTION 
Uniform Circular Motion 


M-354 
Test Tube on Bike Wheel 


DEMONSTRATION 

Support bike wheel on horizontal 
axis. Tape small test tube radially 
to spoke as far toward rim as 
possible. BE SURE to face mouth 
INWARD. Fill half full with colored 
water for good visibility. Spin 
rapidly, counting time for several 
revolutions. As wheel decelerates, 
keep counting time for several 
revolutions so as to have reasonably 
accurate value for angular velocity 
when water just starts to spill. Use 
this time and measure radial distance 
to CG of water to verify "g". 


Colored water can STAIN clothes. 


T 
T+ W = mra? 
as T —> 0 
= 2 
mg = Mro critical 
g = rO citical 
W 
RELATED REFERENCES 
TPT 1, 103 (1963) - "High Cerntrifugal Fields" - Magnetically supported centrifuge. 
A classic article by Jesse W. Beams. 
TPT 25, 570 (1987) - Japanese toy ($25) has needle underneath to play record while 


rolling on record. 


Ease of Setup/Construction: 


B/A 
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NEWTON’S LAWS OF MOTION M-362 


Circular Motion 


RELATED REFERENCES 


Water in Circle-Coin on Hanger 


DEMONSTRATION 

Styrofoam cup of water placed on flat plate of 
wood or plastic or cafeteria tray supported by 
three point suspension can be rotated in 
vertical and horizontal circles without 
spilling. Beware of striking leg on last 
rotation to a stop! Easiest with styrofoam, 
because of increased friction, but more 
exciting using champagne "glass", PLASTIC (for 
safety). 


COIN placed on coat hanger bent as shown can be 
whirled around finger with penny on hook which 
has been flattened with file. Adjust bend in 
hook so end points toward supporting finger. 
Also possible to stop without losing penny but 
requires much practice. 


TPT 25, 572 (1987) - Battery-powered toy airplane on string makes experiment in 


circular motion. 


TPT 26, 436 (1988) - Racing drivers, facing 90-deg turn, take outside path. 


Ease of Setup/Construction: A/A 


04--93 
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NEWTON’S LAWS OF MOTION M-366 
Circular Motion Chain on Disk 


DEMONSTRATION 

Mount disk to electric drill, place loop of 
sash chain over disk and spin up to speed, . 
holding drill axis horizontal and over table. 
Use screwdriver to skid loop off disk onto 
table. Note rigidity of loop as Te as it 
spins rapidly. Very effective on slick board or 
floor since loop spins in place with little 
forward motion. 


CONSTRUCT disk by glueing together disk of 3/4" 
plywood about 25 cm dia plus disk of 1/4" 
Masonite about 2 cm larger in diameter to serve 
as a rim or shoulder. Touch sand disks before 
glueing and nailing. Fit loop of metal sash 
chain loosely over plywood disks. Attach 1/4" 
threaded shaft to center of disk with lock 
/ /7] ws washer and nut. Other end of shaft chucks into 
\ electric drill. If chain is too tight it can be 
J lengthened by flattening several links slightly 
\ J with hammer. If too loose, tighten by bulging 
several links with screwdriver or hammer. 


= HISTORICAL NOTE - Lord Kelvin did this demo. 
See TPT 18, 16 (1980) for dozen of his demos 
commonly done today. 


RELATED REFERENCES 

TPT 26, 452 (1988) - Spin-out velocity of slot car provides data to verify 
centripetal force and friction. 

TPT 28, 402 (1990) - Block on table connected to hanging mass, started from rest, 
used to measure KINETIC coefficient as block coasts to stop after hanging block 
strikes floor. 


Ease of Setup/Construction: B/B 
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NEWTON’S LAWS OF MOTION | M-370 
Circular Motion Lift Ball in Bottomless Cup 


DEMONSTRATION 
4 Use small, light ball in cup or larger ball 
in bucket. Start with cup close to table 
and rotate cup in horizontal plane rapidly 
N enough to keep ball rolling around cup 
wall. Slowly raise cup from table. DON’T 
STOP ROTATING. Resolve normal force of 
Ww cup’s wall on ball into two components, one 
vertical to Support ball and other 
horizontal (centriPETAL) to hold ball in 
horizontal circle. 


Wi touf pee fron WILL IT WORK with a right circular 
cylinder, i.e. a cup WITHOUT sloping sides? 
VA Will it be easier or harder to do this demo 
on moon? What are the changes in the force 
VV diagram? What changes would be necessary on 
the moon? 


© 2 APPLICATION is amusement park rotor ride in 
= wv? / Ap. 
which usual orientations of normal force 
N and friction are interchanged. 


. i Ne oe 
= Vv fA. 


W177 Jriction 


RELATED REFERENCES 

TPT 24, 295 (1986) - Description of above demo with equations added. 

TPT 28, 49 (1990) - Analysis of parabolic shape of water surface when cup is 
swirling. Also has data on glass partly immersed in aquarium. 


Ease of Setup/Construction: A/A 
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CONSERVATION OF VOLUME M-390 
Non-Conservation 100 + 100 is NOT always 200 


DEMONSTRATION 

Measure precisely 100 cc alcohol 
(isopropyl, methanol or ethanol) 
and pour into graduated cylinder. 
Add precisely 100 cc water and 
observe final volume is not 200 
cc! DISCUSS conservation of mass 
vs volume. 


lg : : : : 


a Yo : 
ag W! 


p50 


40o 


Ease of Setup/Construction: A/A 
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CONSERVATION OF ENERGY M-406 
Energy Conversion -= Toys-Windup, Jumping & Rolling 


DEMONSTRATION 

Numerous types of toys 
available which depend on 
energy stored in linear or 
spiral springs, elastic cords 
and changes in center of 
gravity. DISCUSS forms into 
which this energy is converted 
as toy "runs down" = linear and 
angular - kinetic, potential, 
sound, light and heat 
(friction). 


Roll back toy concept used in 
large demo model with acrylic 
disks about 25 cm dia for ends. 
Three rods about 35 cm long 
provide stability. Toy figure 
of brass or lead (with heavily 
weighted feet) is centered 
between end disks and held by 
rubber bands so that rolling 
toy twists bands and stores 
energy = elastic potential. 


Jumping jack stores energy in 
compressed spring. Suction cup 
base, when released, allows 
doll to spring upward. 


IDEA - From demo toy 
collection, have students 
choose one and write paper on 
all physics involved with that 
toy. 


RELATED REFERENCES 

TPT 25, 441 (1987) =- Black boxes with elastic elements inside - four design 
requirements and 6 questions. 

TPT 25, 564 (1987) - Summary of toys and demos to be done with them in mechanics, 
fluids, heat, sound, light and E&M. 


Ease of Setup/Construction: A/C 
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CONSERVATION OF ENERGY M-410 
Energy Conversion Mouse Trap Car Race 


DEMONSTRATION 

Mouse trap has stored potential energy 
when set. Have students build car in 
which trap is sole motive power. 
Compete to see which design moves car 
through greater displacement, which 
runs longest time or highest average 
speed. Appropriate for middle school 
thru college. Teaches principles of 
lever, friction, angular motion, torque 
and much more. 


Car at left and photo below courtesy of 
Kevin Gearhart, Raphine, VA. 


RELATED REFERENCES 

Science Scope (NSTA Jour. for Jr.Hi/Middle Sch.), V.8, No.2 (Nov 1984), Nancy V. 
Kent, Dublin Middle Sch., Dublin, VA 24084. "Get Ready for the ‘Mousetrap 500’!". 
TPT 26, 32 (1988) - Measuring energy stored in mousetrap. 

TPT 27, 269 (1989) - Boats using mousetrap energy. 


Ease of Setup/Construction: A/C 
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CONSERVATION OF ENERGY  M-414 
Energy Conversion Bowl Ball & Galileo’s Pendulum 


DEMONSTRATION 

Suspend bowling ball from tallest ceiling 
possible. With head against wall and ball 
against nose, release ball and wait for 
return. Ham it up by distracting students and 
giving ball slight push on first trial and 
then REMEMBER to get out of way! Rush of air 
preceding ball is ominous! Gravitational 
potential energy is very nearly conserved. 
Then release WITHOUT PUSHING and show your 
faith in FIZX! 


GALILEO’S PENDULUM is variation in which 
supporting cord strikes peg when ball is at 
lowest point. Subsequent motion characterized 
by shorter suspension but conservation of 
energy requires ball to return to same 
height. For large initial amplitude, ball can 
cause string to wrap around peg. 


al ii SAFETY NOTE " á 
Bowling balls are HEAVY. Use adequate support to prevent dropping on feet. If 
students participate in demos, be careful not to push ball during start. It could 
break a nose. Best to position head precisely by backing against wall to ensure 
stability when releasing ball. 


Ease of Setup/Construction: A/A 
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CONSERVATION OF ENERGY M-418 
Energy Conversion High Road-Low Road 


DEMONSTRATION 

Ask students if they believe in conservation of energy. Could that 
mean that balls released simultaneously from same height on two tracks 
will return to identical heights in SAME time? Test their hypothesis 
with tracks of shape shown. Remember that time of travel depends on 
AVERAGE velocity. Hence, one ball can gain on other by acquiring high 
velocity QUICKLY. Ref. TPT 27, 293 (1989). Note in photo slight 


"smear" on upper ball and longer "smear", further to right, for lower 
(faster) ball. 


ADDITIONAL USES in TPT 29, 196 (1991) on friction, KE & PE, s vst, 
and a vs v. Demo in this ref is very inexpensive. 


APPLICATION is brachistochrone problem which led to invention of 
calculus of variations, i.e., what is equation for shape of track 
which causes an object, sliding without friction, to move from one 
point to another (lower) point in LEAST time? This special shape is 
CYCLOID. Commercial models are available. TPT 28, 537 (1990) uses 


rolling ball for which optimal path remains cycloidal, but greater 
time. 


CONSTRUCT two plastic tracks (as from "Hot Wheels" or race toy) shaped 
approximately as shown. Shape is not as important as having tracks of 
low friction. Hollow rubber "squash" balls shown here. Steel balls 
show less effects from air drag and rolling friction. 


RELATED REFERENCES 


AJP 55, 296 (1987) - What path is required to cover horizontal length, L, with 
greatest average speed when returning to same level w/o friction? ANS - 2 free-fall 
parabolas. 


TPT 29, 395 (1991) - Contrast of brachistochrone vs tautochrone with BASIC program 
to get solutions for various race paths. 


Ease of Setup/Construction: A/B 
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CONSERVATION OF ENERGY M-422 
Energy Conversion Hot Wheels Loop-the-Loop 


DEMONSTRATION 

Use "Hot Wheels" track and loop 
available in toy stores to form 
loop-the-loop. Show that car must be 
released at vertical distance above 
table of at least 2.5R to just complete 
loop. Greater heights required to allow 
for friction and rotational energy of 
wheels. Since latter is very small, hot 
wheels is more approriate here than 
rolling ball demo. See M-674. 


Force Eq: T + W = mv2/R 
as T--> 0 v*=Rg 

Energy Eq: U + K = constant 
mgh = mg(2R) + 0.5 mv? 


gh = g(2R) + 0.5 Rg 
h=25R 
RELATED REFERENCES 
TPT 21 45 (1983) - Theoretical treatment on upper limit of auto gasoline mileage 
based on principles of conservation of energy. 
TPT 29, 512 (1991) - Power and energy requirements of some exercise activities. 


Table of values given. 


Ease of Setup/Construction: B/C 
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WORK AND ENERGY M-426 
Energy Conversion Methanol Explosion 


DEMONSTRATION 

Obtain 5 gal PLASTIC water jug or 20 
l carboy of PLASTIC. Pour 12-13 ml 
methanol (ethanol not as good) into 
jug and rotate jug about horizontal 
axis to distribute fluid evenly 
around jug wall. Drop lighted match 
quickly into jug and STAND BACK! 
This works best with opening about 3 
cm dia. Jug will bounce up and down 
on table! Initial WHOOSH is followed 
by several smaller succeeding 
whooshes. Empty fluid in jug and 
repeat immediately. NO RESPONSE 
because most of oxygen has been 
expended. Flush jug with compressed 
air thoroughly or allow to sit about 
an hour and explosion can be 
repeated. Discuss forms of energy - 
chemical, heat, elastic potential, 
kinetic, sound, even gravitational 
potential! Discuss RATE of energy 
production (power). 


- 7 SAFETY N OTE ° » 
ALL EXPLOSIONS ARE POTENTIALLY DANGEROUS. Do not exceed 12 cc. Do not use ether, 
gasoline or other highly volatile fluids. DO NOT use glass or ceramic containers. 
EXAMINE plastic jug regularly, particularly around neck, for evidence of striations 
which indicate weakening. REPLACE JUG IMMEDIATELY! 


Ease of Setup/Construction: A/A 
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WORK AND ENERGY M-438 
Elastic Forces - Non-Linear Rubber Band & Bungee Cord 


DEMONSTRATION 

Take data on F vs x for spring; wide rubber band; and 
shock (Bungee) cord, available in camping equipment 
stores. Plot data to show linear and non-linear 
behavior. 


“GEORGE” By G. Freier 


HE WORK MAY BE ZERO IF EITHER : 
THE FORCE 1S ZERO OR THE DISPLACEMENT ae WKS QA REAL SQUARE j- 


ÍF Í STUDY HARD AND 
DONT GET ANYWHERE 
DOES IT MEAN | HAVE 


Rubber Band - 45 x 2 x 1 mm 40" Bungee Cord - 11/32" Dia. 


Linear Portion - Hooke’s Law 


0 0.05 04 0.15 02 0.25 
Elongation - m 


0.3 0.4 
Elongation - m 


RELATED REFERENCES 

TPT 25, 494 (1987) - Effect of non-rigid support illustrated using scales suspended 
by string which yields slightly. 

TPT 28, 42 (1990) - Potential energy analysis of compound and long bows. 

TPT 28, 489 (1990) - "Rubber Hysteresis Experiment" - Analog to magnetic materials. 


Ease of Setup/Construction: B/A 
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LINEAR MOMENTUM | M-458 
Center of Mass Balance 14 Nails on 1 


DEMONSTRATION 

One nail with flattened end is inserted into block with nail head UP. 
Lay bottom "holder" nail on table. Then lay 12 nails on it alternating 
heads as shown. Add top holder nail and lift assembly with two hands 
while squeezing holder nails between fingers. Place assembly atop 
vertical nail in block. Easiest to do with 20-penny nails but can be 
done with most any size. 


More adventuresome can eliminate block by placing vertical nail with 
head DOWN and balancing assembly on flattened end of vertical nail. If 
holder nails have heads at opposite ends of assembly, it is possible 
to remove nails alternately from either end, as in "pick up sticks" 
and still retain balance. 


CONSTRUCT with wooden block several cm square with hole drilled in 
center to fit snugly whatever diameter nail is used. 


Ease of Setup/Construction: A/A 
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LINEAR MOMENTUM 
Center of Mass 


“GEORGE” 


Ease of Setup/Construction: 


P E a Sale aun” sak 
ITS OBVIOUS THAT ONLY THREE 
NON COLINEAR POINTS DETERMINE 
A PLANE 


A/B 


M-462 


Balance-a-Bee 


By G. Freier 


DEMONSTRATION 

Locate center of mass, or 
balance point, by 
balancing on tip of 
forefinger. Shift center 
of mass by adding pennies 
at locations marked "x", 
Then rebalance to show 
change. 


CONSTRUCT from acrylic if 
use on overhead projector 
is desired. Else cut from 
manila folder or other 
stiff material. 
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LINEAR MOMENTUM M-466 
Center of Mass Virginia & Other Irreg. Shapes 


"GEORGE" By G. Freiew 


THIS MODEL CAN BE CONSTRUCTED 
EASILY WITH FAST DRYING GLUE 


DEMONSTRATION 
Hang map from holes on periphery and use plumb bob technique to locate 
center of mass, which is geographical center of state for model of 
uniform thickness. Discuss changes which might be made to model to 
more nearly approximate center of population, e.g. adding modeling 
clay to model where state has heavier concentration of population. 


CONSTRUCT by glueing map of state (city or nation) to 1/8" Masonite or 
1/16" aluminum backing and cut to shape with jig saw. Cover with 
stick-on transparent sheeting used for shelving. More durable to cover 
with thin acrylic sheet. Pop rivets inserted at several locations on 
periphery leave holes from which map may be hung. TPT 30, 240 (1992) 
suggests cheaper version using discarded ceiling tile. 


IRREGULAR SHAPES can be constructed from Masonite so center of mass 
does not lie within body. Use holes and plumb bob as above. Masses may 
be attached to rear side, unseen by class, so as to shift center of 
mass to location which differs significantly from that for sheet of 
uniform thickness. 


RELATED REFERENCES 
AJP 53, 242 (1985) - Center of U.S. population: average velocity, acceleration, 
momentum, KE, etc., for population. 


Ease of Setup/Construction: A/C 
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LINEAR MOMENTUM M-4-70 
Center of Mass Hammer on Hinged Board & Loop 


DEMONSTRATION 

HINGED BOARD is clamped (left end in 
photo above) to stand or table top 
with other board (right end) hanging 
freely in vertical plane. Insert 
hammer in metal strap as shown such 
that hammer applies torque to board 
making it (right end) stand in 
horizontal position. 


CONSTRUCT by connecting two boards 
10x25 cm and 10x21 cm with hinge 
along shorter side as shown in 
photo. 


WIRE LOOP allows finger on one end 
of loop to support hammer on other 
end of loop. Where does center of 

mass of loop-hammer system lie? 


QUESTION: When you stand on your tip 
toes, why do you lean forward? Where 
is your center of mass then? See 
M-500. 


RELATED REFERENCES 


TPT 30, 542 (1992) - Antique and new toys illustrating balance and importance of 
location of center of gravity. 


Ease of Setup/Construction: A/B 
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LINEAR MOMENTUM M-4.74 
Center of Mass Fork & Spoon - Belt 


DEMONSTRATION 

Fasten fork, spoon and wooden match 
together as shown. Combination can 
be balanced on edge of glass. Where 
is center of mass of this system? 


BELT hung on pipe-shaped form 
(easily cut from Masonite with jig 
Saw or coping saw) assumes position 
such that center of mass of flexible 
belt lies directly below finger as 
point of support. 


RELATED REFERENCES 


TPT 28, 425 (1990) - Many aspects of teaching earth-moon motion and center of mass 
aided by large & small plastic spheres on opposite end of threaded rod. 


Ease of Setup/Construction: A/A -- 
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LINEAR MOMENTUM 
Center of Mass 


RELATED REFERENCES 


M-478 
Stick on 2 Fingers - Unbal.Bar 


DEMONSTRATION 

Support meter stick on one finger 
from each hand. Slowly bring 
hands together to find center of 
mass. DISCUSS normal and 
frictional forces and why first 
one finger slips and then other. 


Place eraser, or other small 


mass, on one end of stick and 
repeat demo. 


REPEAT with unbalanced bar 
described below. Ask students to 
vote on whether masses on either 
side of balance point are equal? 
Ask male student to hold stick 
and hand him light end. Repeat 
with female student but hand her 
the heavy end. DISCUSS torque, if 
appropriate. In 2-D, for M-462 or 
M-466, use 3 fingers brought 
Slowly together beneath center of 
mass. 


CONSTRUCT unbalanced bar from 
thin tubing used for central 
vacuum units. Use length about 2 
m. Place one end in 3-gal bucket 
full of water and pour about 1 kg 
molten lead down pipe. Try to 
have as little lead as possible 
bounce on interior of pipe, which 
can soften or melt due to 
excessive heat. Water removes 
heat before pipe melts. This 
produces pipe with center of mass 
about L/6 from end. 


TPT 27, 42 (1989) - Sticks in hanging mobile may be at any angle, not necessarily in 
a plane. 

TPT 31, 222 (1993) - "Quantitative Analysis of Moving Two Fingers Under a 
Meterstick" 


Fase of Setup/Construction: 
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LINEAR MOMENTUM M-482 
Center of Mass Double Cone - High Wire Toy 


DEMONSTRATION 

CONE, commercially available, has intersecting side rails forming 
gently sloping upper surface when lower surface is on level plane. 
Test this for students using right circular cylinder. When 
double-ended cone is placed on rails, it rolls in opposite direction 
to that of cylinder because as it rolls, its center of mass actually 
falls while its contact points with side rails rise. Illustrates 
system seeking lowest energy level. 


HIGH WIRE TOY has heavy masses on ends of dowels so C.G. is BELOW 
wire. This produces restoring torque, when displaced, tending to 
restore clown to vertical position. Clown "pedals" grooved wheel along 
high wire having right end fixed. Demonstrator controls direction of 
motion by raising or lowering hand. Large moment of inertia also 
contributes to stability. 


RELATED REFERENCES 
TPT 31, 32 (1993) - Double cone as a hall demo for continuous operation. 


Ease of Setup/Construction: A/C 
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LINEAR MOMENTUM M-486 


Center of Mass Swivel Hips - Pendulum on Cart 


DEMONSTRATION 

Use cart in M-300. Stand on cart with 
feet well spread and swing hips from side 
to side so that cart moves one way while 
body moves oppositely showing momentum is 
conserved - center of mass of SYSTEM does 
not move. 


ALTERNATE is to use table clamp with rod 
near center of cart. Hang on rod 2-3 kg 
mass as pendulum with length about half 
meter. As pendulum oscillates one way, 
cart moves in opposite direction. Add 
several kg mass to cart in steps to show 
reduction of amplitude of cart motion. 


Students like first demo better - 


demonstrator appears sillier and might 
fall. 


RELATED REFERENCES 
TPT 23, 316 (1985) - Walking the boat bow to stern. 
TPT 25, 370 (1987) - Radio-controlled truck on small low-friction cart. 


" ‘i SAFETY NOTE * * 
Standing on rolling carts is SHAKY business. USE CARE. 


Ease of Setup/Construction: A/B 
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LINEAR MOMENTUM M-490 
Center of Mass Corbeled Meter Sticks 


DEMONSTRATION 

Stack pre-marked sticks with stick #10 on bottom, #9 is next and its 
end will overhang #10 by 4.6 cm if its end is placed at the ref mark 
on #10. #8 has its end at ref mark (5.3 cm) on #9 and so forth, ending 
with #1 on top which has its end on 49 cm mark on #2 beneath it. 


Formula for overhang is L/2N where N is number of stick, labeled from 
top as #1 down to #10 on bottom but this produces neutral equilibrium. 
To stabilize stack, we "cheat" by 1 cm, i.e. #10 (bottom) stick is 
overhung by (100/20)-1 or 4.0 cm. Next stick is labeled #9 and label 
is at (100/18)-1 or 4.6 cm. After stacking, #1 or top stick is hanging 
"way out" or 49 cm. 


Application is building chimney from fireplace not in center of house 
so that chimney emerges thru roof at centerline. Also used in supports 
for arches as in churches. Adventuresome demonstrator may substitute 
concrete blocks for sticks, build overhead arch from both sides and 
sit underneath. Wear HARD HAT and STEEL TOED shoes! 


CONSTRUCT by securing ten STRAIGHT meter sticks. Mark one to be placed 
on bottom of stack as #10 using felt pen or stick-on label to produce 
ref mark at 4.6 cm. Mark next stick as #9 at 5.3 cm. Continuing 
#8,6.1; #7,7.3; #6,9.0; #5,11.5; #4,15.7; #3,24.0; #2,49.0 and, 
finally top one is #1 (100 cm or no reference mark). Top one overhangs 
by 50-1 or 49 cm. 


RELATED REFERENCES 


TPT 23, 489 (1985) - TPT 24, 482 (1986) - TPT 26, 200 (1988) - Variations of this 
demo. 


TPT 31, 32 (1993) - Stack of 7 bricks used as hall demo with second facing stack 
yeilding crude arch. 


Ease of Setup/Construction: B/A 


DICK and RAE Physics Demo Notebook 


06--93 Copyright 1993 by DICK and RAE, Inc. 


LINEAR MOMENTUM M-500 
Center of Mass - Humans Tiptoes at Door-Pick up Stool 


DEMONSTRATION l 

TIP TOES - Stand in doorway with nose and toes touching door jamb and 
try to rise on tip toes. Impossible to stay up on toes because center 
of mass cannot move forward to position over toes. Repeat with jug of 
water or several kg in each hand with arms outstretched straight 
forward on opposite sides of wall. This moves center of mass over toes 
or beyond and you can stay up! 


PICK UP STOOL - Place toes at distance from wall of twice length of 
feet. Lean over, place head against wall and pick up stool, basket or 
jug of water. Now try to straighten up to standing position without 
setting down stool and without pushing with hands. Center of mass of 
entire system is in front of toes and cannot be brought back to them. 


IDEA - Back up to wall with heels against wall and try to bend over 
and touch toes. Where does the butt go when bending? 


APPLICATION to center of mass of pregnant women. In latter stages of 
pregnancy, center of mass has shifted forward requiring that they rear 
backward on heels to maintain equilibrium. This strains back and other 
muscles unaccustomed to this posture. 


RELATED REFERENCES 
TPT 21, 42 (1983) - Above demo and others on center of gravity of humans and 
differences between C.G. of men and women. 


Ease of Setup/Construction: A/A 
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LINEAR MOMENTUM M-504 
Center of Mass - Humans ~ Kneeling on Table - Bite Chair 


DEMONSTRATION 

KNEEL ON TABLE with forearms flat on table and elbows touching knees. 
Place short object such as cigarette lighter at tips of outstretched 
fingers. Now place hands behind back and try to tip over object with 
nose without losing balance. Most women can, most men cannot because 
mass distribution for most men places more mass in shoulder area, as 
in photo below, which shifts center of mass forward of knees. 


BITE CHAIR by sitting on chair and leaning over with upper thigh on 
seat. Twist around and try to use teeth to remove piece of masking 
tape stuck to rear center of chair at seat level. It helps if chair 
has rear legs which are somewhat spread. Many metal folding chairs 
work well. 


sg ” SAFETY NOTE . * 
Be careful. Hold right hand on rear chair leg as you bend around so if you slip you 
will roll slowly to floor. 


Ease of Setup/Construction: A/A 
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LINEAR MOMENTUM M-516 
Impulse Egg in Sheet 


DEMONSTRATION 


Have student on each side hold one corner of sheet high and other 
corner low. This forms target for demonstrator (or student baseball 
player) to throw raw egg into. Don’t ease up - really fling it. Beware 
of missing sheet or letting egg roll out end of sheet after rolling 
into bottom. Break egg in dish to prove it was not hard boiled! 


Impulse equals change in momentum so use small force over a long time 
as sheet billows back, not short time and large force. Apply to 
catching baseball with arm flexed rather than rigid, or, to jumping 
from chair to floor, landing with knees flexed. 


‘At = mv Or F, = MV 


. RELATED REFERENCES 
AJP 54, 658 (1986) - Slow inelastic collision using springs and magnets with air 
track gliders. 


Ease of Setup/Construction: A/A 
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LINEAR MOMENTUM M-520 
Impulse Bouncing Eggs 


DEMONSTRATION 

Place piece of 5-8 cm thick soft foam rubber of 
area about 1/4 m sq. on floor. Drop raw egg from 
height of about 1 m with long axis HORIZONTAL. 
Catch it on first rebound. Discuss change of 
momentum and impulse supplied by foam to change 
direction (velocity and momentum) of egg. Note 
that product of F and At must equal change in 
momentum of egg. Practice dropping egg without 
initial rotation - spinning eggs do not bounce 
straight up! Discuss large F at expense of small 
"delta"t, so that egg breaks. 


ALTERNATE in bottom photo is L’eggs panty hose 


container - unbreakable substitute for the less 
adventuresome. 


“AAC= mv or Fa = mv 


Ease of Setup/Constructicn: A/A 
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LINEAR MOMENTUM M-524 
Impulse Dishes and Table Cloth 


DEMONSTRATION 

Use slick cloth or paper and 
set dishes and silver 
including glasses, wine 
bottles, flowers, and the 
like. Grasp cloth at two 
places with hands below table 
level so that quick jerk pulls 
cloth DOWN from table top. 
Avoid table cloths that 
stretch. : 


"GEORGE" By G. Freier 


WHAT IS THIS JAKE 

THAT YOU TOLD US ABOUT 

CONSERVATION OF 
MOMENTU MS 


To keep object almost stationary: 
Ap=mAv=F At 
Make At = O toget Av = 0 


RELATED REFERENCES 


TPT 29, 56 (1991) - Explanation of role of cloth/dish coeff vs table/dish coeff, 
after cloth has slipped thru. Limiting values discussed. 


Ease of Setup/Construction: A/A 
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CONSERV. OF LINEAR MOMENTUM M-550 
Recoil Test Tube on Wire 


DEMONSTRATION 

Suspend test tube horizontally by two 
strings or wires. Rinse tube with water to 
leave small amount inside. Tightly plug 
tube with stopper and heat with burner 
until water vaporizes and stopper blows 
out. Note how much more speed stopper 
appears to have than recoiling test tube. 


“GEORGE” By G. Freier 


GIVE ME THE 
BULLET 


CHESTER 


Ease of Setup/Construction: B/A 
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CONSERV. OF LINEAR MOMENTUM M-554 
Recoil Two Carts 


DEMONSTRATION 


Use carts in M-300 and M-312 with one person on each, pushing off with 
outstretched hands. 


ALTERNATE is small spring-loaded carts available commercially. 


APPLICATION of Third Law - each cart gets same momentum and each acted 
upon by SAME force for SAME time. 


QUESTION: Does it follow from above statement that both get same 
acceleration? 


RELATED REFERENCES 
TPT 24, 282 (1986) - Uses of spring-loaded carts. 


Ease of Setup/Construction: B/A 
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CONSERV. OF LINEAR MOMENTUM M-558 
Recoil Water Rocket Toy and Balloon 


DEMONSTRATION 

Available in toy stores with rocket, funnel, and air pump. Designed to 
soar several hundred feet into air when loaded with several hundred 
grams of water. Adapt to run on wire angled upward to ceiling by 
epoxying wood block to rocket. Use screw eyes in block to attach to 
wire. Pump up first with about 20 strokes and no water to show short 
flight with air as "fuel". Use about 50 gm water and repeat using same 
number pump strokes as before. Shows effect of more massive "fuel". 
Remember to clear table beneath rocket and do not use full water 
charge. Two-stage model shown at right. Vary above specifications to 
fit particular toy purchased. 


ALTERNATE is to blow up rubber balloon and release. Escaping air to 
rear gives forward momentum to balloon in one big Phhtt! 


RELATED REFERENCES 
TPT 25, 218 (1987) - Home experiment measuring thrust of garden hose. 


Ease of Setup/Construction: B/C 
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CONSERV. OF LINEAR MOMENTUM M-562 
Recoil Tennis Ball Cannon 


Seed bal ha ba ramma ha hatada ha am 


mcr N 


DEMONSTRATION . 

Press tennis ball down muzzle until it lodges against firing chamber. 
Drop about 10 drops lighter fluid into firing chamber and rotate 
cannon to distribute fluid around walls. CLEAR PERSONNEL FROM IN FRONT 
of cannon and apply match to firing hole. STAND BACK! Can fire 
horizontally from a table in hall. Use distance to point where ball 
strikes level floor to calculate muzzle velocity. Velocity has been 
measured at 30 m/s (70 mi/hr). WATCH OUT! 


CONSTRUCT cannon using five steel cans having inside diameter fitting 
tennis ball. Cut both top and bottom out of three cans and use strong 
duct tape to tape together butted ends to form barrel. Cut ONE end out 
of each of other two cans. Tape two OPEN ends together to form firing 
chamber. In one of solid ends of this chamber cut a hole the size of a 
half dollar. This forms forward end of firing chamber and is taped to 
3-can barrel section. In side of firing chamber near its SOLID end 
(one fartherest from muzzle) drill a 3/4 cm hole to insert match. 
Mount cannon on board for stability. Attach roller skate to board. 


ALTERNATE CONSTRUCTION uses 2.5" electrical PVC rigid conduit with 
firing chamber formed by disk with hole size of half dollar mounted in 
plastic coupling and plastic end cap glued on. 


RELATED REFERENCES 
AJP 54, 622 (1986) - Photogate timer and strobe photos to measure drag coefficient. 


id - SAFETY N OTE = ji 
LIGHTER FLUID is highly FLAMMABLE and DANGEROUS. Use care not to spill. Do not use 
excessive amounts. BIGGER is not better but DANGEROUS. Tape joints securely. 
Operation is sometimes ERRATIC. Keep students from in front of muzzle. Range can 
exceed a couple hundred feet under some conditions. 


Ease of Setup/Construction: B/B 


DICK and RAE Physics Demo Notebook 


03-93 Copyright 1993 by DICK and RAE, Inc. 


CONSERV. OF LINEAR MOMENTUM M-566 
Recoil Cart and Fire Extinguisher 


DEMONSTRATION 
Sit on cart and discharge large 
carbon dioxide fire 
extinguisher held between knees 
and braced firmly against chest 
or shoulder. Prepare short 
cassette tape of Apollo-type 
countdown including "hold" for 
safety officer (assistant) to 
fit crash helmet on 
demonstrator’s head. 
Extinguisher should have nozzle 
or hose and horn removed. 
MAv=Nm AV 
where M, v are for cart and 
demonstrator and m, V are for 
each of N molecules of gas. 


ALTERATION of orifice in some 
extinguighers may be necessay. 
If orifice has two side 
discharge holes (to prevent 
recoil in use), end must be 
fitted with screw-on attachment 
or cut off to provide for 
unidirectional gas flow only. 


Companies recharging carbon 
dioxide extinguishers may 
require that cylinder be 
repainted and marked "Not for 
Fire" once orifice has been 
modified. Remember to warn 
students on front rows about 
noise and cloud of vapor before 
doing demo. 


RELATED REFERENCES 
TPT 27, 560 (1989) - Short wheelbase version of cart with exhaust to rear and 
control cord for gas release. 

+ 4 SAFETY NOTE i i 


GAS CYLINDERS are DANGEROUS if heads are knocked off accidentally. They act like 
ROCKETS. Cylinders are heavy. Use care in storage and handling. 


Ease of Setup/Construction: B/C 
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CONSERV. OF LINEAR MOMENTUM M-582 


Elastic Collisions Marbles on Aluminum Track 
\ y F 
| We ~ aBa 
E, Se 

DEMONSTRATION 


Place half dozen marbles on piece of 1x1 cm aluminum angle held 
horizontally by two "V" blocks. One or more additional marbles may be 
carefully pushed (or accelerated using inclined piece of track resting 
on horizontal one) to provide collisions. With this arrangement it is 
possible to insert heavier (steel) marble so all objects do not have 
same mass. Effect of rotational kinetic energy and friction is a 
disadvantage. See M-586 also. 


RELATED REFERENCES 
TPT 25, 374 (1987) - "Can a Fly Stop a Train?" 


AJP 58, 696 (1990) - Replaces balls with annular rings using springs to assure 
elastic collisions with guide tube inside rings. 


Ease of Setup/Construction: A/B 
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CONSERV. OF LINEAR MOMENTUM M-586 
Elastic Collisions Pendulation Toy - 3 to 1 Mass 


DEMONSTRATION 

Pull one ball aside with others at rest. Release 
and observe, following collision, that one ball on 
far end is projected outward. When it returns and 
collides, the ball on other end is projected back 
(almost) to its original release position. The 
motion then repeats (almost). Pull two aside, 
release, and two are projected outward, IF all 
ball masses are same. 


Available in novelty stores, toy has steel balls 
"almost" in contact suspended by bifilar 
suspension. Place on stage of overhead for better 
visibility. See AJP 28, 705 (1960) for discussion 
of multiple collisions and WHY slight space 
between balls is necessary. 


3 to 1 MASS model was one available in older 
catalogs because this special case results in 
rebound of small ball at 1/2 its initial velocity, 
which is easier to see. Regardless of mass ratio, 
the larger mass, which was originally at rest, 
comes to rest after the 2nd, 4th, 6th, etc. 
rebound if collisions are perfectly elastic. 


RELATED REFERENCES 


AJP 41, 575 (1973) - Discussion of time reversal invariance using two-ball version 
of this demo. 

TPT 25, 40 (1987) - Hall demo using bowling balls on "crossed" bifilar suspension. 
TPT 25, 447 (1987) - Safe inexpensive ballistic pendulum using dart gun. 


Ease of Setup/Construction: A/C 
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CONSERV. OF LINEAR MOMENTUM M-595 
Inelastic Collisions Bouncing Balls-BAN Ball Mortar 


DEMONSTRATION 

QUALITATIVE - Bounce steel, aluminum, wood, plastic 
and glass balls on various surfaces such as steel, 
hard tile and flexible diaphragms. Coefficient of 
restitution is square root of ratio of rebound 
height to fall height. Alternate method of 
measuring below. 


QUANTITATIVE - Use two balls; plastic and steel. 
Hold plastic ball above steel ball and in contact 
with it and drop into open ended tube so lower 
(steel) ball strikes hard floor (ceramic tile 
well-bonded to concrete is excellent). Rebound can 
be 4-5 times initial drop height depending on 
coefficients of restitution. If momentum and energy 
are both conserved rebound height is proportional 
to square of (M-3m)/(M+m) where M and m are masses 
of steel and plastic, respectively. See theory in 
TPT 26, 522 (1988) and TPT 30, 46 (1992). 


CONSTRUCT MORTAR using length of acrylic tubing (<1 
m) as guide. Remove plastic ball from roll-on 
deodorant bottle and choose steel ball about same 
diameter. Tubing diameter should be slightly larger 
for loose fit. Drill several holes along length of 
tubing to permit trapped air to escape falling 
balls. 


COEFFICIENT of RESTITUTION can be quickly measured 
using TOTAL time for bouncing to cease and time of 
first fall. Use glass marbles, steel, lead, wood, 
and rubber balls on table, floor, thick glass, 
steel plates, and on bottom of steel or plastic 
trash can to give various combinations of 
materials. One of best is BAN ball on ceramic tile 
well-bonded to floor. (e = 0.95) 

THEORY - Solve for e from T = t (1+e)/(1-e) where T 
is time for all bouncing to cease and t is time of 
first fall. Coefficient does vary with drop height 
as well as materials. 


APPLICATION - U.S. Tennis Assoc. approves balls 
rebounding 53" to 58" after 100" drop. 


i a 
+ ~ ~y 
mois ee 
ksa Ai te gt 


RELATED REFERENCES 
AJP 55, 59 (1987) - Use rubber ball collision with floor to determine "g" by graph 
of coefficient of restitution vs height. 


AJP 55, 183 (1987) - "Velocity Amplification in Vertical Collisions" 
TPT 26, 540 (1988) - Measuring coefficient using rebound height. 
TPT 27, 637 (1989) - Measuring impulse with piezoelectric ceramic. 


Ease of Setup/Construction: A/B 
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ROTATIONAL DYNAMICS M-614 


Torque Croquet Mallet - Seesaw 


"GEORGE" By G. Freier 


LESSER MOMENTS C CAN QUICKLY 
BECOME GREATER MOMENTS 
IN PHYSICS Ao 


DEMONSTRATION 

Place screw eyes at various places along handle of croquet mallet to 
permit hanging weight holder. Grasp mallet head with both hands. Use 
various angles of handle to horizontal to show change of lever arm 


without change of force. Pass around for students to try. Whiteness of 
knuckles is rough measure of torque. 


SEESAW uses 2-3 m length of board (2x6 or 4x4) with movable pivot 
block. Use various numbers of students on one end, changing lever arm 
as necessary to get seesaw balanced. When balanced, are MASSES on 
opposite sides of pivot equal? What about torques? See M-478. How does 
PERIOD of oscillation vary with number of people? 


RELATED REFERENCES 


TPT 26, 92 (1988) - Point of application of forces and angular velocity calculations 
related to olympic wrestling. 

TPT 26, 382 (1988) - Various experiments illustrating torque and inertia. 

TPT 27, 566 (1989) - Button centered in string loop makes simple rotation demo. 

TPT 31, 32 (1993) - On platform balances, location of mass on pan is independent of 


distance from fulcrum. 
Ease of Setup/Construction: A/B 
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ROTATIONAL DYNAMICS M-618 
Torque Rolling Yo-Yo 


backward 
A << 


equilibrium 


oc" 
forward 
—> 


DEMONSTRATION 

Pull nearly horizontally to cause yo-yo to roll TOWARD pull. Lift hand 
so as to pull more nearly vertical and yo-yo rolls AWAY. For radii of 
ratio 2:1, equilibrium position is with string 30 deg to vertical. For 
oscillating system, pass string over a pulley and attach to hanging 
mass. Take moments about contact with plane as instantaneous axis of 
rotation (no slipping). CONTRAST, for more advanced students, with 
case of yo-yo on inclined plane. Draw force diagram. 


CONSTRUCT yo-yo using discarded metal spool like ones displayed in 
hardware stores to hold electrical cord or metal chain. Best design is 
one having inner and outer radii which are substantially different, 
the larger the better. Attach string to inner radius and wrap several 
turns leaving enough to pass over pulley and attach hanging mass. 


ALTERNATE is to construct fancier model of two thin circular acrylic 
plates about 30 cm dia. Mount to wooden axle about 15 cm dia. and 12 
cm long. 


Ca «et me >j 
a 79 8 J 


. A , 
IF YOU PULLON THE STRING 
WHILE THE PEDAL IS DOWN 

THE TRIKE MOVES FORWARD 


RELATED REFERENCES 

TPT 26, 290 (1988); TPT 27, 326 (1989); and TPT 31, 244 (1993) - Discussion of role 
of friction in this demo. 

TPT 28, 92 (1990) - Cardboard disk and paper towels as Yo-Yo. Includes brief theory. 
TPT 28, 600 (1990) - "Traction Force on Accelerated Rolling Bodies" - Theory and 
excellent demo-related examples. 


Ease of Setup/Construction: B/C 
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ROTATIONAL DYNAMICS 
Torque 


RELATED REFERENCES 


M-622 
Car with Locked Wheels 


DEMONSTRATION 

Start car at top of inclined plane about 1 
m long, having "locked" front wheels with 
alligator clip. Make several trials. Now 
start car with REAR wheels locked. Almost 
invariably car "fishtails" with rear 
wheels locked. Theory detailed in TPT 28, 
522 (1990) including instability in 
blowouts and for 2-wheel vehicles. 


DISCUSS static vs. rolling friction. What 
should happen if car is going uphill on 
snow or ice covered street and then must 
stop and SLOWLY back down for another try? 
FISHTAIL! 


CONSTRUCT using plastic toy car 10-15 cm 
long having wheels fixed (or cementable) 
to axle. Wrap center of each axle with 
layer of tape so alligator clip can grip 
securely to prevent turning. Use small 
masses which can be inserted at front or 
rear to change distribution of weight to 
wheels, if desired. 


TPT 25, 504 (1987) - How to convince student that ROLLING wheel has STATIC friction, 


if it does not slip. 


Ease of Setup/Construction: 


A/A 
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ROTATIONAL DYNAMICS M-630 
Inertia Croquet Balls on Head 


DEMONSTRATION 

Place pivot on head with ball over each shoulder. Walk in straight 
line then turn at right angles moderately fast and continue walking. 
Absence of torque at pivot on head assures system must remain fixed in 


lab frame. Allows old demonstrators to "tell whether they’re coming or 
going". 


CONSTRUCT from 2 massive croquet balls drilled to accept rod or coat 
hanger bent as shown. Care must be taken to shape so center of gravity 
is directly below point of support; the lower the more stable. 


RELATED REFERENCES 
TPT 27, 396 (1989) - Cheaper version uses balls of clay on bent coat hanger. 


Ease of Setup/Construction: A/B 
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ROTATIONAL DYNAMICS M-634 
Inertia Stability of Vert.Rod or Broom 


DEMONSTRATION 

Use one of masses described in M-650 and 
slide over 80-100 cm length of Al tube 
described for spokes there. Compare ease of 
balancing in two different positions; mass 
close to, and distant from, supporting hand. 


ALTERNATE is to use straw broom. Balance 
first with broom inverted and end of handle 
on hand. Then balance in normal position 
with straw in hand (more difficult). Can 
also use unbalanced bar in M-478. 


I = mr@ (+ ML“/3 for rod) 


P 
| ¿T= 10 
l For negligible rod inertia, 


6 


mgr sin @ = mr7«< 


œ = g/r sin Ə 


Moving "m" away from hand increases both I 
and torque but I increases faster because of 
"r squared" dependence. This makes alpha 
smaller which allows more time to move hand 
to correct imbalance, i.e., easier to 
balance with small alpha. 


QUESTION - Will it be easier or harder to do 
this demo on Moon? 


Ease of Setup/Construction: A/B 
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ROTATIONAL DYNAMICS 
Kinetic Energy & Inertia 


RELATED REFERENCES 


M-646 
Raw vs Hard-Boiled Egg 


DEMONSTRATION 

Spin raw egg rapidly on its side. Stop 
it and then quickly release it. It 
begins to rotate again because its yolk 
never stopped rotating. Hard boiled egg 
will not do this. 


ALTERNATIVE uses hollow plastic 
egg-shaped containers used for panty 
hose. For "raw" egg, epoxy halves 
together, drill small hole in one end 
and fill with water using hypodermic 
syringe. Seal hole with epoxy. For "hard 
boiled egg", melt paraffin to fill each 
half almost full. Allow to cool and 
contract. Complete filling depression 
later and press two halves together 
using moderate pressure while recently 
added wax is still soft. Used in M-788. 


HISTORICAL NOTE - Lord Kelvin did this 
demo. TPT 18, 16 (1980) has dozen of his 
demos still done today. 


TPT 15, 188 (1977) - Data on moment of inertia of empty and filled L’eggs 


containers. 


TPT 27, 300 (1989) - Spinning eggs and eggs balanced on end at annual equinoxes. 


Ease of Setup/Construction: 


A/A 
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ROTATIONAL DYNAMICS M-650 
Kinetic Energy & Inertia Spoked Wheel 


DEMONSTRATION 

Hang mass holder on string wrapped around one 
of two pulleys. Show effect of increased 
inertia with same torque by moving all 
cylinders out to large radii. For fixed 
radius, show effect of changing torque by 
using pulley having larger diameter or by 
increasing torque via hanging mass. 


CONSTRUCT with 6 spokes of 10 mm O.D. Al 
tubing with 1.5 mm wall ~28 cm long, threaded 
and screwed into Al hub 4-5 cm dia. Hub is 
fitted with ball bearing and mounted on 
horizontal axle. To this axle are attached 
two acrylic or phenolic pulleys having dia. 
of 6 and 14 cm. Make 6 brass (or other high 
density material) annular cylinders 3-4 cm 
long with 4 cm O.D. and I.D. to fit over 
spoke tubing. Mass is ~200 gm. Fit cylinders 
with thumbscrews for locking to spokes. 


Fi George by George Freier 
ae 


oe “NS 

(if vy’ KEEP YOUR NOSE. 10 
THE GRINDSTONE YOU MIGHT 

C LEARN THIS SUT 


RELATED REFERENCES 


AJP 54, 824 (1986) - Calculus problem to calculate rod cross-section to maximize 
- energy storage for fixed speed and stress. 
TPT 26, 382 (1988) - Expt with cheap materials for varying moment of inertia. 


Ease of Setup/Construction: B/C 
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ROTATIONAL DYNAMICS M-662 
Rigid Body Dynamics Baton - Elliptical Bulls-Eye 


DEMONSTRATION 
Throw into air with rotational motion in vertical plane to show 
rotation takes place about center of mass. 


CONSTRUCT by epoxying together equal lengths of aluminum and brass. 
Good bond assured by having pin between or using machined shoulder to 
insert into hole drilled in other piece. Paint black to conceal 
differing materials. Balance on finger and place white vinyl tape to 
mark center of mass. 


ELLIPSE - Toss ellipse in air in vertical plane with side toward 
audience having bulls-eye at center of mass. If possible, for next 
throw, try to conceal your exchanging sides so bulls-eye at 
geometrical center is seen. Discuss difference and balance on finger 
to show location of CM. . 


CONSTRUCT by marking and cutting three identical ellipses of heavy 
corrugated board. Long axis of 50 cm and short of 30 cm works well. 
Place heavy metal nuts or washers in cutouts near one edge of one 
ellipse. Use other two ellispes as top and bottom covers. Glue 
together as sandwich. Paint both sides white. Paint bulls-eye on both 
sides - at geometrical center on one side, at center of mass on 
opposite side. 


RELATED REFERENCES 


TPT 26, 405 (1988) - Cheap version of baton uses straws stuffed with BBs to produce 
center-loaded vs. end-loaded versions. 
TPT 29, 74 (1991) - Illuminated version is plastic tube with 3 LEDs of different 


colors showing end motion vs center. 


Ease of Setup/Construction: A/C 
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ROTATIONAL DYNAMICS M-666 
Rigid Body Dynamics Two Quarters/Nickel Sandwich 


cE 


| re 


( 


DEMONSTRATION 

Make sandwich of nickel between two quarters (In 
Canada use quarter between 2 Looneys) and hold in 
horizontal plane between two fingers. Release so upper 
coin is retained and lower two coins drop. Catch with 
other hand after fall of about 20-30 cm. Nickel, which 
started out on top, will now be on botton. 


It is nearly impossible to release lower coin 
simultaneuosly from both fingers. Hence, resulting 
rotation carries nickel with it so lower coin and 
nickel rotate half revolution before landing. How far 
must they fall for nickel to again be on top? Twice as 
far or twice the time, which is 4 times as far? 


From "String and Sticky Tape" by R.D. Edge, Univ. S. 
Carolina, available from AAPT. 


RELATED REFERENCES 
TPT 26, 392 (1988) - "Murphy’s Law or Jelly Side Down" - Slice of bread behaves like 


above demo. 


Ease of Setup/Construction: A/A 


06-93 


DICK and RAE Physics Demo Notebook 


Copyright 1993 by DICK and RAE, Inc. 


ROTATIONAL DYNAMICS M-670 
Rigid Body Dynamics Kick the Block 


RELATED REFERENCES 


DEMONSTRATION 

Insert felt marker pens of three different 
colors and place block at end of strip of 
"butcher" paper 2-3 m long. Kick as close to 
center of mass as possible to produce three 
(nearly) parallel lines. Repeat, but kick as 
close to end as possible to produce one 
straight line plus two epicycloids. In both 
cases CM travels in straight line. 


ALTERNATIVE is to place meter stick on slick 
tile floor and kick as above without benefit 
of markers. 


CONSTRUCT of 2x4 about 30 cm long drilled in 
three places along center line of long axis to 
receive (tight fit) felt tip marker in each. 
Center hole should be at center of mass with 
other two equally spaced outward toward ends 
of block. Counter boring allows marker to be 
inserted to shoulder so tip protrudes few mm 
beyond other side of block. 


AJP 54, 741 (1986) - Impulsive motion of piece of sewer pipe when paper is jerked 


from beneath. 


TPT 26, 575 (1988) - Variation on above demo is nearly square block with 5 holes and 
propelled by spring gun. 


Ease of Setup/Construction: A/B 
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ROTATIONAL DYNAMICS M-674 
Rigid Body Dynamics Loop the Loop 


DEMONSTRATION 

Commercially available, uses rolling steel ball about 2-3 cm dia on 
two-rail track which requires inclusion of term for rotational kinetic 
energy and allowance for rolling radius less than ball radius, when 
calculating height from which ball must start to just make the loop. 
Also watch out for slipping while rolling. See M-422 for cheap hot 
wheels version. 


Note in analysis below that result is independent of mass and "g". It 
works Same on moon, for negligible air drag. To "just make loop", 

mv /(R-r) = mg, for sphere of radius r on track of radius R with h as 
vertical change in ball position. If total energy is constant (no heat 
from friction) between release point and top of loop: 


0.5 Iœ? + 0.5 mv + mg 2(R-r) = mgh 


2 


Insert for I: 0.4 mr to get: 


0.7 v? + 2g(R-r) = gh and insert for v*: g(R-r) 
h = 2.7 (R-r) 
When using "hot wheels" cars considered as point masses with wheels of 


negligible I, result is h = 2.5 R. In "real world", add a bit for 
friction heat effects. 


RELATED REFERENCES 


AJP 53, 765 (1985) and AJP 55, 826 (1987) - Effect of coefficient of friction in 
controlling slipping. 


Ease of Setup/Construction: B/C 
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ROTATIONAL DYNAMICS M-678 
Rigid Body Dynamics Hoop, Disk, and Sphere Race 


Rolling Objects in General: 
|= CmR? C values 
Solid Sphere 0.40 
Solid Cylinder 0.50 
Hollow Sphere 0.67 
Hollow Cylinder 1.00 
Which Reaches Bottom First? 


DEMONSTRATION 

To show velocity of objects rolling from rest down inclined plane is 
independent of both mass and radius, roll several solid spheres down 
incline. To show dependence on mass DISTRIBUTION (not mass per se), 
run race with hoop, solid disk and sphere. Object with smallest C has 
largest final velocity and shortest time. Thus, solid sphere wins and 


hoop is last. Objects of smaller radii exhibit some undesired energy 
losses due to friction. 


QUESTION - Where, in order of finish, would hollow sphere fall? cC=2/3 
(Cannot confirm with Ping Pong ball because of excessive effect of air 
friction.) Will order of finish be same on moon? 


“GEORGE” By G. Freier 


Conservation of Energy (no heating) 


mgh = 0.5 mv* + 0.5 I&I? 

No slipping requires v = WR 
mgh = 0.5 mv? + 0.5 (CmR?) v2/R? 
2gh = v*(1+C) 


v = V2gh/ (1+0) 
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RELATED REFERENCES 
AJP 53, 811 (1985) - "The Moment of Inertia of a Basketball" 
TPT 26, 228 (1988) - "Acceleration from the Energy Function Derivative" 


TPT 26, 297 (1988) - Roller of near-zero moment of inertia. C=0.05 vs. C=1 for hoop. 


Fase of Setup/Construction: A/C 
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ROTATIONAL DYNAMICS M-682 
Rigid Body Dynamics Two Cans Race 


DEMONSTRATION 

Select two cans of same size and mass, one filled with liquid and 
other mainly solid (such as broth and beans). Roll down incline 
together. Which starts out ahead? If incline is long enough, will 


they tie at some point? What is role of internal friction? Is moment 
of inertia constant? 


ALTERNATE is to use two cans of identical liquid (soft drink in 
metal), one frozen to behave like solid cylinder, and other not. 


IDEA - Use very long incline to observe "double passing" as explained 
in theoretical analysis in AJP 57, 907 (1989). 


RELATED REFERENCES 
AJP 55, 231 (1987) - Detailed discussion of rolling friction. 


TPT 30, 526 (1992) - Discussion of soup cans, solid vs watery, and toy called 
"Roll-A-Roo" having inner ball floating in low-viscosity fluid. 


Ease of Setup/Construction: A/A 
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ROTATIONAL DYNAMICS M-694 
Center of Percussion Sweet Spot on Bat 


RELATED REFERENCES 


DEMONSTRATION 

Tap lower end at various points with mallet. All 
such points produce rattle (sting player’s hands) 
except near center of percussion. Sweet spot 
produces no sting. Oscillatory period of bat equals 
period of simple pendulum of length equal to 
distance from support to sweet spot. 


CONSTRUCT by drilling hole about 5/16" near handle 
end of bat. Insert thru hole tube of about 1/4" OD 
to achieve loose fit. Thru tube insert 3/16" rod to 
clamp in right angle clamp for support. Suspension 
is loose and rattles loudly. 


ALTERNATE is to support bat horizontally with long 
wooden-handle cotton swab replacing metal rod and 
tube. Lift fat part of bat and allow to fall, 
striking small rubber pad. Wood swab breaks from 
"sting" in bat handle unless pad is placed under 
(or near) center of percussion. 


Stephenson, MECHANICS and PROPERTIES of MATTER, Section 6-20 - Theory on Center of 


Percussion. 


AJP 54, 640 (1988) - Theoretical analysis applied to aluminum bat. 


Ease of Setup/Construction: B/B 
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ROTATIONAL DYNAMICS M-706 
Gyroscopic Precession Single & Double Bicycle Wheel 


“GEORGE” By G. Freier 
1 WAS TEACHING ABOUT VECTOR, 


CROSS PRODUCTS AND THEN SOMETHING) 
JUST SNAPPED 7 O OOo 


Danaa 
REUSI ERED 
WURSE 


mA RY 
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DEMONSTRATION 

SINGLE WHEEL may have weighted rim (commercial model). Spin wheel, 
position axle horizontally and hold by string as shown to observe 
precession. Precession rate proportional to torque and to spin angular 


velocity. 


Suspend DOUBLE WHEEL using cord from end of axle. Spin one rim and 
show precession rate. Spin both, at about same angular speed as 
before, and show precession rate increases because rotational inertia 
has increased. Stop one wheel and spin in opposite direction to other 
wheel to show precession ceases and wheels hang in horizontal plane 
when spin angular momenta are opposite and almost equal. 


DISCUSS vector nature of angular momentum. 


CONSTRUCT by mounting identical rims side by side on common axle. 
Handles with screw eyes and safety guards can be purchased separately 
from CENCO. 


RELATED REFERENCES 
TPT 25, 231 (1987) - Suitcase gyro demo. 
AJP 56, 657 (1988) - Person can "ride" large demo gyro made from used auto wheel and 


water-filled tire! 
Ease of Setup/Construction: A/C 
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ROTATIONAL DYNAMICS M-710 
Gyroscopic Precession MITAC Gyro & Toy Top 


DEMONSTRATION 

Unit and accessories available 
commercially. Developed by MIT and AC Spark 
Plug Division of GM. Motor-driven gyro 
mounted in gimbals can be used to show 
precession by hanging masses on end of 
axle. Can be carried about to show 
principle of gyro compass and has fittings 
with restoring springs to show torque on 
gimbal mount. Excellent experiments 
included but rather expensive. 


TOY TOP is cheap illustration of gyro. Some 
available with internal flywheel which can 
be spun up more easily than one with 
string. Precessional rate varies inversely 
as angular momentum, i.e., precessional 
rate slows for higher spin rates. 


OTHER MODELS of gyros shown below. 


RELATED REFERENCES 
TPT 26, 22 (1988) - "Essay on Gyroscopic Motions" 


Ease of Setup/Construction: A/C 
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ROTATIONAL DYNAMICS M-720 
Dynamic Imbalance Wheel w/Weights-Assym. Rotator 


DEMONSTRATION 
Use 26x2.125 front rim to which identical 
masses of 200-400 gm can be attached with 


thumbscrews, Similar to balancing automobile 
Good tires and rims. Hold axle horizontally and 
attach single mass to produce imbalance. Now 
use another mass placed diametrically opposite 
on SAME face of rim to produce STATIC balance. 
Hold axle in hand and spin to show little 
vibration - good dynamic balance. 
Now shift one of masses to opposite face of rim 
to show static balance remains but axle shakes 
violently when spun due to dynamic imbalance. 
Can also use C-clamps (photo shows assymmetric 
placement on wheel). Principal axis of inertia 
is no longer the axis of rotation which 
produces torque felt in hands. 


ALTERNATE is adjustable rod mounted on rotating 
axle as described in TPT 26, 237 (1988). Must 
be felt to be appreciated. Spin rod while 
student holds in one or both hands. Try with 
center rod perpendicular to rotating axis and 
then at angle to axis. Note device is ALWAYS 
statically balanced. 


DISCUSS types of balance for auto tires - 
bubble or static method vs. rotational method 
and why masses added for balance are used on 
both inner and outer sides of rim and are not 
always equal. 


* ° SAFETY NOTE se ” 
Once wheel is rotating, beware of bumping against spinning masses. 


Ease of Setup/Construction: A/C 
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CONSERV. OF ANGULAR MOMENTUM M-742 
Circular Motion Ball on String-Coin in Balloon 


PA 


DEMONSTRATION 

See apparatus in S-390. While spinning, pull downward on string to 
shorten radius and observe increase in angular velocity. Radial force 
on ball produces no torque so angular momentum is ponservad. Hence, 
smaller "r" requires larger "&a)" in L = mvr = mw*r. Work is still 
done by the hand, so where does this work appear? Quantitative 
experiment uses mass of washers to calculate centripetal force and 
verify with equation for circular motion. 


COINS (2 or 3) placed inside balloon. Inflate and then swirl coins 
around inner periphery. After ceasing this excitation, observe 
increased angular velocity as coins spiral inward to smaller radii. 
From TPT 25, 61 (1987). Note that coins inside roll on their edges. 
WHY? 


RELATED REFERENCES 
TPT 31, 122 (1993) - "A Demonstration of Kepler’s Third Law" - Uses ball on string 


to simulate planetary orbits. Suggested values of m & r given for Mercury, Venus, 
Earth. 


Ease of Setup/Construction: A/B 
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CONSERV. OF ANGULAR MOMENTUM M-764 
Isolated Systems Bike Wheel-Mass in Ext’d Hands 


DEMONSTRATION 

BIKE WHEEL, at rest, is held overhead with 
axle vertical while standing or sitting on 
platform. Spin wheel with other hand. Without 
waiting too long (else table friction will 
reduce angular velocity), grab wheel to stop 
it thereby restoring entire system to initial 
zero angular momentum. Note effect of changing 
axle orientation from vertical to horizontal, 
while spinning. 


Spin wheel with axis vertical and hand to 
student standing on turntable. Ask student to 
turn axis 180 deg SLOWLY. After getting feel, 
student can flip axis somewhat more quickly. 


Sit on stool mounted on rotating platform 
relatively free of friction. Place about 2 kg 
in each outstretched hand and start rotating 
body and stool slowly with torque from 
assistant or using push with one foot. While 
rotating, bring masses in to chest and lower 
elbows to vertical position to reduce moment 
of inertia and increase angular velocity. If 
friction torque in seat is neglected, 


L = constant = Igy = IW 


As the masses come in I decreases and @&® must 
increase. 


RELATED REFERENCES 


TPT 26, 187 (1988) - More involved model with chain, crank and lead-filled carts. 
TPT 27, 561 (1989) - Lazy Susan added to U-channel to produce mechanical device to 
draw two masses toward center while rotating. 
TPT 29, 242 (1991) - Different mass distribution in 4 "sealed" coffee cans. Cheap 
experiment illustrating changes in I for same mass. 

* » SAFETY NOTE 3 . 


USE CARE when standing or sitting on rotating table. Sudden changes in angular 
momentum can throw you! When using students, stand close enough to catch them if 
they start to fall. 


Ease of Setup/Construction: A/C 
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CONSERV. OF ANGULAR MOMENTUM M-768 


Isolated Systems 


RELATED REFERENCES 


Electric Motor on Turntable 


DEMONSTRATION 

Commercially available and designed by 
Dick & Rae, this apparatus can be used 
for a dozen demos. Place motor on 
rotating platform (lazy Susan). Turn 
motor on and watch platform and motor 
rotate in opposite directions. 


REPEAT with motor shaft displaced from 
platform axis nearly to circumference 
of platform to show angular momentum 
depends on axis DIRECTION but not 
LOCATION, as long as new axis is 
parallel. 


CONSTRUCT using "capacitor run" motor 
which is easily reversed by swapping 
relative positions of motor field coils 
and capacitor. Plate is 3/16" or 1/4" 
aluminum. Motor speed is not critical 
but 1800 or 3600 RPM works well for 
this and other demos in fluids, 
magnetism and optics. To increase I for 
lazy Susan, add 3/16" or 1/4" Al plate 
~25-30 cm radius. 


TPT 24, 226 (1986) - Rotating bike wheel brought into contact with stationary one. 
Discussion of importance of specifying origin. 


Ease of Setup/Construction: 


A/C 
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CONSERV. OF ANGULAR MOMENTUM M-772 
isolated Systems Watch on Watch Glass and Laser 


DEMONSTRATION 

Place stopwatch or old style pocket watch 
with crystal down on inverted watch glass 
to produce friction-free mount. Use putty 
to stick small mirror scrap to watch case 
to reflect laser beam at grazing incidence 
on wall. Reaction of case to balance wheel 
rotation causes reflected beam to 
oscillate. Arrange for beam to graze wall 
6-8 m from watch for large lever arm. For 
negligible friction, angular momentum is 
conserved. Hence, spin vectors of wheel and 
case are equal and opposite. 


REMEMBER current students have little 
knowledge about "old-fashioned" balance 
wheel so explanation of operation is 
needed. 


“GEORGE” 


ATE ONE TURNS OVER A FAST 
SPINNING WHEEL WHILE HE 
IS FREELY SUSPENDED 


By G. Freier 


HIS CHANGE IN ANGULAR 
MOMENTUM WILL BE QUITE LARGE 


Ease of Setup/Construction: B/C 
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CONSERV. OF ANGULAR MOMENTUM M-784 
Kinetic Energy & Angular Mom. Pendulum and Bottle 


Ease of Setup/Construction: 


DEMONSTRATION 

Attach ball to long wire from ceiling to 
make pendulum. Place stool underneath 
pendulum with bottle on stool positioned 
slightly to one side of equilibrium 
position of pendulum ball. Bet students 
they cannot release ball so it will miss 
bottle as it swings away but will knock 
it over on return. WHY "Slightly to one 
side"? This allows demonstrator to knock 
bottle over on return. Old carnival 
game! Secret is to start pendulum with 
slight transverse velocity. Thus 
conservation of angular momentum does 
not permit ball to pass thru equilibrium 
position on its return. Reset bottle at 
equilibrium position for student trial! 


DISCUSS angular momentum and conical 
pendulum. Also related to planetary 
orbits (central force). 


A/B 
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CONSERV. OF ANGULAR MOMENTUM M-788 
Kinetic Energy & Angular Mom. 


RELATED REFERENCES 


Stability of Spinning Objects 


DEMONSTRATION 

Toy football and panty hose 
containers, both hollow and 
paraffin-filled, as in M-646, can all 
be set spinning rapidly about axis of 
larger inertia. If spun rapidly 
enough, each will turn 90 deg and 
spin about axis of lesser inertia. 
Kinetic energy goes to friction heat 
and increased potential energy. 
Complicated motion in which friction 
at point of contact plays major role. 


Paraffin-filled container must be 
spun faster than hollow one so as to 
have sufficient initial energy. Toy 
novelty tippy top and heavy class 
rings will undergo 180 deg change of 
orientation when spun. 


TPT 15, 188 (1977) - Data on panty hose containers. 
TPT 24, 361 (1986) - "Spinning Footballs and Class Rings" 
TPT 25, 200 (1987) - "Tippy Top Thoughts" 


Ease of Setup/Construction: A/A 
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CONSERV. OF ANGULAR MOMENTUM M-800 
Angular Momentum - Humans Skaters, Gymnasts and Divers 


DEMONSTRATION 

Show transparency of multiple exposure of cat 
falling from initial inverted position (or diver 
or gymnast) and discuss application of 
conservation of angular momentum, change of 
moment of inertia, internal forces and torques. 


Photo from Edwin Jones/Richard Childers 
"Contemporary College Physics", @1991 by 
Addison-Wesley Publishing Company, Inc. 
Reprinted by permission of the publisher. 


RELATED REFERENCES 


AJP 54, 846 (1986) - "Zero Angular Momentum Turns" - Cats, astronauts and dancers as 
examples. 

TPT 27, 620 (1989) - "The Tail-less Cat in Free-Fall" with detailed high speed 
photos. 

TPT 28, 100 (1990) - Student wrapped with cord set rotating with falling weight to 


measure I for human. 
Ease of Setup/Construction: A/A 
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GRAVITATION 
Orbital Velocity 


RELATED 


REFERENCES 


TPT 27, 562 (1989) - Cavendish experiment done with homemade materials yields "G" to 
better than 10%. 


Ease of Setup/Construction: 


M-815 
Escape Velocity - Spoof 


DEMONSTRATION 

Place water in small juice can and whirl in 
vertical circle on end of string while 
discussing centripetal force. Now place 
larger can, with hole, ("space" model having 
improved "aerodynamic characteristics") over 
box and pour water into larger can. Unseen by 
students, water passed thru into dish under 
box. Pick up larger can with string and whirl 
in vertical circle while talking about 
"escape velocity". Whirl faster, jump up and 
down for effect! When whirling ceases, turn 
can upside down to show water has "escaped" 
by having exceeded "escape velocity". 


CONSTRUCT inverted box large enough to cover 
small shallow dish. Cut hole 4-5 cm dia in 
top and use ring around hole high enough to 
cover opening and large enough for tin can to 
rest loosely inside ring and over hole. This 
can has string attached at top for whirling 
and hole cut in bottom to match, roughly, 
hole in box. Spoof is that water poured into 
this can will fall into shallow dish and 
"escape" the can. Prepare another small can, 
such as juice can, with string for whirling 
in circle. Paint box and cans flat black to 
mask all exposed edges of holes. 


A/C 
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GRAVITATION M-822 
~ Orbital Simulation Garbage Bag-VORTX-Ball&String 


DEMONSTRATION 

GARBAGE CAN with plastic trash bag stretched TIGHTLY across top and 
secured with duct tape serves as diaphragm. Place in center duckpin 
ball or "shot" used in shot put. Place small ball near periphery and 
give it velocity tangent to circumference. Mention analogy to inverse 
square field with heavy center ball as "force center". 


VORTX sold as a counter top toy for charitable contributions. Coins 
released down chute orbit for several revolutions picking up speed on 
approaching deeper parts of funnel. DISCUSS conservation of angular 
momentum and energy. Available from DIVNIK International, Inc. Spring 
Valley, OH 43570. 


BALL & STRING is discussed in M-742. 


MNEMONIC for names of planets in proper order from sun is "My Very 
Educated Mother Just Served Us Nine Pizzas" for Mercury, Venus, Earth, 
Mars, Jupiter, Saturn, Uranus, Neptune and Pluto. 


RELATED REFERENCES 

AJP 54, 1021 (1986) - "A Retrograde Motion Model" - Balls driven by clock motor. 
AJP 55, 759 (1987) - Deflection of light passing by sun due to three-space 
curvature. 


TPT 25, 546 (1987) - Inflate balloon containing 2 or 3 coins and swirl coins around 
circumference. Also see TPT 25, 61 (1987). 
TPT 28, 575 (1990) - Does the shape of the VORTX funnel make any difference? Similar 


to publication in 1882. 


Ease of Setup/Construction: B/C 
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PROPERTIES OF MATERIALS M-837 
Compressive Stress Stand on Egg 


DEMONSTRATION 

Seat egg with large end down in sand 
about 10-15 mm. Carefully align axis of 
egg to be vertical and centered on 
piston. Arrange block or short stool so 
demonstrator can step from stool to top 
of piston easily and SLOWLY. Most eggs 
are always safe at 80#, usually safe at 
120#, sometimes at 150# and rarely ever 
at 180#. 


CONSTRUCT using acrylic tubing about 8 cm 

dia into which a side hole has been 

milled to accept egg. Cement tubing to 

square or circular acrylic base with 

ethylene dichloride or other bonding 

agent for acrylics. Turn Al cylinder 

ane Se ~10-12 cm long to slide loosely in 

-e a tubing. Cement sponge rubber 2-3 cm thick 
a a on one end of Al cylinder as cushion. 


DISCUSS properties of catenary and hold 
hanging chain to show approx. shape to 
egg. Compare Roman arches to Greek 
columns for span and strength. Eskimo 
igloos and McDonald’s arches are shaped 
as inverted catenaries approximately. 


SUGGEST students try to squeeze egg 
placed with long axis between knees. TRY 
OUTSIDE WITH OLD CLOTHES. 


CAT ENARY 


|4n 
eircle 
for 


l Compari San 


-2 -1 oO | à 


RELATED REFERENCES 

TPT 30, 42 (1992) - "Undergraduate Investigation of Nitinol" - Memory shape alloy o. 
Ni/Ti, deformed to new shape at low T, recovers original shape when heated. Example 
of how to interest students in properties of materials. 


= i SAFETY NOTE * * 
When demonstrator stands on egg, have assistant stand beside steadying one arm in 
case egg breaks suddenly. 


Ease of Setup/Construction: B/C 


DICK and RAE Physics Demo Notebook 


04--93 i Copyright 1993 by DICK and RAE, Inc. 


PROPERTIES OF MATERIALS M-846 
Elasticity Squeezing Glass - Borax Ball 


DEMONSTRATION 

Capillary tube of about 1.5 mm ID fitted thru 
stopper and placed in top of pint glass bottle 
filled with colored water. Squeezing bottle on 
flat sides raises level in tube because bottle 
cross section is reduced. Squeezing on rounded 
faces lowers level because cross section 
increases. 


Borax and resin glue produce reasonably elastic 
ball. Have assistant pour carpenter’s glue into 
your palms, about 30-40 cc, and then sprinkle in 
Borax, as in 20-Mule Team, until ball can be 
rolled between palms. Try bouncing. Resiliency 
lasts about 15 min. 
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RELATED REFERENCES 


TPT 31, 116 (1993) - "An Inexpensive Young's Modulus Apparatus" - Measurement of 
one-dimensional elastic constant done with frame of parallel 3/4" iron pipe. 


Ease of Setup/Construction: A/B 
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PROPERTIES OF MATERIALS M-855 
Structural Rigidity Stand on Pepsi Can 


DEMONSTRATION 

Have student stand on Pepsi can as shown. 
Deflection of can’s circular cross section 
by rubber band shot into side reduces can’s 
load bearing capability. Alternate is to 
touch side of can lightly with finger or 
stick. WATCH OUT FOR CRUSHED FINGERS. 


- NOTE cans have different load limits 
depending on wall thickness and type of 
material. Works best if weight of student 
chosen is close to can limit. 


QUESTION: How will it work on the moon? 


APPLICATIONS include precision to which 
circular shape must be maintained on 
repaired submarine hull. Precision of r is 
+/- thickness of plate. 


"GEORGE" By G. Freier 


YOU OU MUST HE USED 
THE WRONG UNITS - 
So ee 


— == 
a Woa d 
= ee 
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RELATED REFERENCES 
TPT 25, 50 (1987) - Additional applications. 


Ease of Setup/Construction: A/A 
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OSCILLATIONS M-876 
Simple Harmonic Motion Mass & Spring-Big Strip Record 


DEMONSTRATION 

Use shadow projection to compare 
SHM of mass on end of spring with 
Shadow of point moving in uniform 
circular motion. Use apparatus in 
M-194 so arrow can represent "vy" 
or "a", 


"Graph" SHM by having student 
oscillate can of spray paint in 
unison with mass on spring, 
following motion up and down as 
Closely as possible. Have two 
other students move 2-3 m length 
of "butcher" paper horizontally at 
constant speed past spray paint 
nozzle moving in vertical plane. 
Result is large scale sine wave 
produced as on strip chart 
recorder. 


ALTERNATE is to show audio 
oscillator signal on scope. Vary 
frequency and amplitude. Use 


speaker to associate with sound 
waves. 


RELATED REFERENCES 


AJP 54, 227 (1986) and 55, 178 (1989) - Energy analysis and calculus treatment of 
conical spring oscillator - Removing hanging mass. 


AJP 55, 178 (1987) - Effective k and m for spring when hanging mass is either very 
large or very small compared to spring mass. 


TPT 26, 50 (1988) - Eight sets of springs in series and parallel. 


Ease of Setup/Construction: A/B 
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OSCILLATIONS M-880 


Simple Harmonic Motion Tractor and Pendulum 


DEMONSTRATION 


Generate sine wave with analog to strip chart recorder. Spray piece of 
poster board (approx. 40 x 70 cm) with flat black paint. Attach to 
battery-powered tractor to pull board at constant speed. Support 
salt-filled funnel from bifilar suspension so funnel oscillates 


perpendicular to tractor motion. Start funnel swinging and turn on 
tractor motor. 


RELATED REFERENCES 
AJP 55, 645 (1987) - Video tapes reveal damping of pendulum for lab project. 


Ease of Setup/Construction: B/B 
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OSCILLATIONS M-884 
Simple Harmonic Motion Simple Pendulum 


DEMONSTRATION 


Hang plumb bob or similar mass from light thread and shadow project 
(as in M-876) motion of small amplitude, compared to pendulum length. 
Remember shadow motion is SHM only when angle is small enough (<10 
deg) for sine of angle to very nearly equal angle (in radians). 


LARGE angle motion linearized by geometric method given in AJP 59, 979 
(1991). 


IDEA - Have students use hand calculators to find percent difference 
between angle and its sine for various angles up to 20 deg. More 
advanced students should be shown series for sine and asked to solve 


explicitly for angle satisfying any given amount of percent 
difference. 


ALTERNATE is to use audio oscillator with scope to show changes in 
amplitude and frequency visually. Can use synthesizer and show both 
Square and triangular waves and point out these are not SHM. 


George by George Freier 


(WHEN WE WALK OUR 
( LEGS SWING UIKE Ô 
f PHYSICAL PENDULA À 
S WITH A CHARACTERISTIC) | 
“SPE RIOD ~~ oe 
\ En 
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RELATED REFERENCES 


AJP 53, 73 (1985) - Interesting approx. function related to 1.732/2. 

AJP 53, 1079 (1985) - Strobe study of inverted pendulum. See also AJP 59, 816 
(1991). 

AJP 54, 112 (1986) - Very detailed corrections for amplitude, mass, etc. 

AJP 55, 618 (1987) - Precession of pendulum orbits. 


Ease of Setup/Construction: A/A 
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OSCILLATIONS M-888 


Simple Harmonic Motion Harmonica on String - Spoof 
DEMONSTRATION 
. > Hang harmonica by string to show "harmonica 
> 2 motion". 
BEWARE OF OOANTUM DUCKS hog 
“GEORGE” By G. Freier 


IF I LET TAIS OSCILLANTE UP AND 
DOWN THE PERIOD DEPENDS ON THE MASS 


WHEN 1 SWING IT BACK AND FORTH 
SIDEWAYS THE PERIOD DOESNT DEPEND 
s~ ON THE MASS- BOTH SYSTEMS HAVE 4 
FORCE AND SS 


Ease of Setup/Construction: A/A 
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OSCILLATIONS M-892 
Simple Harmonic Motion Circle of Reference 


DEMONSTRATION 

Use arrows on disk in M-194 clamped to lab rotator. Orient disk in 
vertical plane and shadow project. Arrow pointed radially inward 
produces shadow which represents SHM acceleration. Arrow pointed in 
tangential direction gives shadow for SHM velocity. When shadow 
projected next to mass on spring, it is possible to adjust disk speed 
to make arrow shadow move in unison with shadow of mass. See note on 
shadow projection in preface to optics demos. 


RELATED REFERENCES 
TPT 26, 33 (1988) - Buoys perform SHM. 


Ease of Setup/Construction: A/C 
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OSCILLATIONS M-896 


Simple Harmonic Motion Pendulum Length vs Period 


DEMONSTRATION 
Display 8 to 10 pendula of differing lengths. Ones shown here have 
lengths of 15, 20, 25, 30, etc. cm. Bottoms of pendula do not form 
straight line showing student graphically that period increases with 
length, but not UNIFORMLY. Good for students weak or immature in math 
concepts. Ask better students, who know theory, how to alter demo to 
produce a straight line - Change scale at top to period SQUARED. 


CONSTRUCT pendula by squeezing lead fishing sinkers onto cotton 
fishing line. Hang tacks on 


large sheet of construction 
board. Simple Pendulum 


Period T = 27 VL/g a 
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Period Squared — s^2 
3 


an 
i 


0 0.1 0.2 0.3 0.4 0.5 06° 0.7 0.8 0.9 1 
Length - m 


RELATED REFERENCES 
TPT 25, 427 (1987) - Liquid pendulum. 
TPT 26, 220 (1988) - Period dependence on amplitude applied to playground swings. 


Ease of Setup/Construction: A/B 
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OSCILLATIONS M-900 


Simple Harmonic Motion Hacksaw Blade - Meter Stick 


DEMONSTRATION 

Attach mass of 100-200 gm to hole in end of hacksaw blade and clamp 
other end. Good engineering example of fixed-free beam vibration. Note 
increase in frequency with reduction of vibrating length. Higher 
frequency produced by blade without mass attached. 


ALTERNATE is to clamp meter stick to table and set in vibration - Adda 
pen at end to get dsiplacement-time curve on card moved past pen at 
constant speed similar to M-876. 


RELATED REFERENCES 
TPT 25, 98 (1987) - Reference on adding pen quoted above. 


AJP 58, 483 (1990) - "An Undergraduate Experiment on the Vibration of a Cantilever 
and its Application to the Determination of Young’s Modulus". 


Ease of Setup/Construction: A/C 
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OSCILLATIONS M-904 
Simple Harmonic Motion Pendula - Torsion & Physical 


DEMONSTRATION 

Brass bar (or disk) ~23 cm long x 2 cm 
square is rigidly attached to iron wire ~60 
cm long x 1 mm dia. Torsional oscillations 
produced when bar is given twist. 


T = 277 VI/K where 
I is moment of inertia & K is torsion 
constant 


APPLICATION is front "torsion bar" 
suspension of Chrysler cars in the sixties. 
Fancy mantle clocks have four balls 
suspended by torsion fiber as time-keeping 
mechanism. 


PHYSICAL PENDULUM made from uniform wood 
board ~2x5 cm and 2 m long has holes drilled 
every 4 cm from one end to center. Can be 
used, with calculus if desired, to show 
minimum period. 


Physical Pendulum 
Thin Rod 2 Meters Long 


N N N N N 
> ou fo] N œ 


Period — T (seconds) 
N 
(A) 


0.2 0.3 0.4 0.5 0.6 O7 0.8 0.9 1 
Distance of C.M. from Axis — S (meters) 


RELATED REFERENCES 


AJP 55, 44 (1987) - "The Dynamic Shear Modulus and Internal Friction of a Fiber 
Vibrating in the Torsional Mode" 


TPT 28, 51 (1990) - Twenty physical pendula (composites of simple shapes) used to 
challenge student to predict, then verify, period. 


Ease of Setup/Construction: B/B 
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OSCILLATIONS M-916 
Simple Harmonic Motion-Damped Wire in Magnetic Field 


DEMONSTRATION 

Use old violin bow to vibrate wire in horizontal plane. Plucking with 
finger is satisfactory for fundamental only. Motion induces EMF of 
several mV which can be taken off end posts and connected to scope. 
Weaker magnets may require amplification in addition to that in scope. 
Move magnet from center, where odd harmonics are detected, to other 
antinode positions to detect higher even harmonics. Illustrates that 
vibrating string has several SHM modes simultaneously. Can be used to 
excite SQUARE WAVES! See W-310. 


DAMPED motion can be seen by plucking wire and observing decay. Can 
have better students measure logarithmic decrement with video or scope 
photo. Use strobe to see "slow motion". Note difference in decay at 
higher or lower frequencies. 


CONSTRUCT board with one fixed and one adjustable end to place tension 
on bronze or steel wire (1 mm dia). Ends about 1 m apart, one with 
tension adjusting mechanism such as on discarded base fiddle. Make 
ends proper height so wire will be centered between poles of strong 
magnetron-type magnet (B-field vertical). Use of aluminum angle along 
side of board improves rigidity for wires under large tension. See 
B-240. 


RELATED REFERENCES 


TPT 28, 608(a) (1990) - Centerfold has eqs for damped resonant system and colored 
traces of systems for Q = 3, 10, and 30. 


Ease of Setup/Construction: B/C 
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OSCILLATIONS M-926 
Lissajous Patterns Blackburn’s Pendulum 
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DEMONSTRATION 
Beneath suspended jug place wrapping 

me. paper on which to trace pattern. 

C Jug-to-ceiling distance determines period 
of one SHM and jug-to-bag tie distance 
determines other period. Easily 
constructed but also commercially 
available. 


CONSTRUCT from plastic gallon jug. Drill 
hole in cap to dispense sand or salt. 
Invert jug, cut hole in bottom for 
filling, and affix short 3-string yoke to 
common junction positioned above center 
of mass. Tie these 3 strings to two 
strings several meters long forming 
suspension up to ceiling. Strings are 
tied to ceiling at points about 2 m 
apart. Use bag tie to unite two strings 
as variable junction point to establish 
lengths Ly and Lg. 


RELATED REFERENCES 

TPT 28, 606 (1990) - Spirograph reflects laser beam off 2 front surface mirrors, 
each rotating on shaft of cheap toy motor. 

TPT 29, 197 (1991) - "Three-Dimensional Lissajous Figures" - Circuit given using 3 
oscillators (2 isolated & ungrounded). 

AJP 59, 330 (1991) - History of this pendulum traced to Dean in 1815. 

TPT 30, 38 (1992) - "The Kaleidophone" - Wheatstone called it a "Philosophical Toy" 
in 1827. Steel wire 25 cm long, clamped at one end, set in vibration with amplitude 
~5 cm yields beautiful Lissajous-like figures using light reflected from moving end. 


Ease of Setup/Construction: B/B 
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OSCILLATIONS M-930 
Addition at Right Angles Lissajous Patterns on Scope 


DEMONSTRATION 


Use two audio oscillators, one connected to vertical input and other 
to horizontal. Show change of pattern with amplitude, frequency ratio, 


and phase. Sample patterns shown. Blackburn’s pendulum in M-926 is 
mechanical addition. 


SHOW GRAPHICAL ADDITION by using 2 circles of reference below for 
adding motions at right angles to generate grid pattern. Convenient to 
make transparency of grid to be used repeatedly. Each circle is used 
to generate, by projection, sine wave onto grid. Begin by selecting 
phase angle. For "in phase" place "0" on circle A at max X and "0" on 
circle B at max Y. To produce pattern for X freq twice Y freq, move 
CCW around circle B (Y motion) marking each 30 deg with 1,2,3 etc. 
Move CCW around A mark each 60 deg with 1,2,3 etc. Follow dotted lines 
from "0" on each circle to grid and place dot at their common 
intersection. Identify this dot as "0", Similarly, find common 
intersection for points 1,2, etc. REPRODUCTION PERMITTED. 
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RELATED REFERENCES 


AJP 52, 657 (1984) and 54, 182 (1986) - In drawing figures, use care in defining and 
setting phase. 

TPT 25, 240 (1987) - Hall demo described for Lissajous figures in sand box. 

TPT 27, 98 (1989) - 3-D Lissajous using laser beam. 


Ease of Setup/Construction: B/C 
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OSCILLATIONS 
Forced Oscillations 


RELATED REFERENCES 


M-945 
Tuning Fork on Sounding Board 


DEMONSTRATION 

Strike fork and place on head, desk or 
table to act as sounding board. Vibrations 
transmitted to desk or table in turn cause 
more air to vibrate, increasing volume. 
Place microphone nearby and show output on 
scope. Can use as "pass around" for each 
student to feel. 


IDEA - Use strobe to show students 
vibration of fork tines in "slow motion". 
For large class, use lens (£~30 cm) to 
project strobe image to screen. 


AJP 56, 839 (1988) - "The Use of a Moving-coil Galvanometer to Demonstrate Free and 


Fixed Vibrations" 


Ease of Setup/Construction: 


A/B 
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OSCILLATIONS M-960 
Resonance Coupling - Pendula & Compasses 


DEMONSTRATION 

To loosely supported horizontal string, attach several pendula of same 
length plus one considerably longer and one shorter. Masses need not 
be same. When one of the identical pendula is set into vibration, 
horizontal string quickly transmits (couples) sufficient energy to 
excite others of same length. Identify one of pendula of same length 
as instructor and rest as students - some tuned in, some tuned out! 


DISCUSS tank circuits (LC) as used in radio or TV. 


USE pair of magnetic compasses on overhead projector (or permanent 
magnets in cradles as above). Set one oscillating and another nearby 
one will start oscillating, coupled by the changing magnetic field. 
Coupling between magnets is enhanced by placing third permanent magnet 
between as shown above. From AJP 56 200 _ (1988). Single compass also 
oscillates with period of T = zmt VI/ (MB) where I = moment of 
inertia, M = magnetic moment and B = magnetic induction in region - 
usually earth’s field. 


RELATED REFERENCES 


AJP 55, 1126 (1987) - "Electromagnetically Driven Resonance Apparatus" - Forced-free 
oscillations with system of paired solenoids, magnets and springs. 


Ease of Setup/Construction: B/A 
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OSCILLATIONS M-964 


Resonance Wilburforce Pendulum-Door Spr. 


ab 


DEMONSTRATION 

Commercially available, mass on helical spring is tuned to have 
vertical translational frequency in some integer ratio to the 
rotational frequency. Tuning is accomplished using machine nuts or 
threaded masses which may be moved radially from center thus altering 
rotational frequency without affecting translational. Eqs shown in 
M-896 and M-904. 


DOOR SPRING about 1 cm dia and 30-40 cm long oscillates well 
vertically with several kg attached (3.5 kg shown). Variations in 
hanging mass can result in strong coupling between vertical 
(translational) mode and pendulum mode. Show coupling is reduced or 
eliminated by inserting long loop of string to increase "pendulum" 
length and reduce frequency. Occurs for simple integer ratios. Note 
method of support which allows some bending thereby enhancing 
coupling. See W-135 for coupling in "Singing Rod". 


RELATED REFERENCES 


TPT 26, 37 (1988) - Historical background and review. 

AJP 57, 639 (1989) - Effect of tension added to stretching. 

AJP 59, 32 (1991) - Procedure for getting normal modes including differential eqs 
‘and extensive theory. 

TPT 30, 275 (1992) - Hall demos including actuator design and signage for 
explanation. 


Ease of Setup/Construction: A/B 
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OSCILLATIONS M-968 
Resonance Hacksaw Blades & Plastic Beam 


DEMONSTRATION 

Start drill at low speed and slowly increase pausing briefly as each 

blade comes into resonance. Shortest blade resonates at highest of 3 

frequencies. If drill will not reach sufficiently high speed, reclamp 
shortest blade to expose more length. 


CONSTRUCT board to hold 1/4" electric drill and arrange clamping strip 
on end to hold 3 hacksaw blades. Blades may be broken if desired but 
lengths beyond clamp should be about 16, 20 and 24 cm. Use piece of 
scrap rod bent at angle and clamped in chuck to produce off-center 
vibration. Connect drill to autotransformer or lamp dimmer (slide 
type) for continuous variation. 


ALTERNATE is acrylic beam ~15x3 mm and length 12-18 cm clamped to 
table and coupled via rubber band to eccentric on variable speed lab 
rotator to show resonance. 


SHOW Tacoma Narrows Bridge collapse film as example of structural 
failure caused by wind-induced oscillations and resonance. Film now 
available on video disc - Wiley Educational Software ISBN 
0-471-87320-9. 


RELATED REFERENCES 

TPT 15, 189 (1977) - Demo simulates Tacoma Narrows resonance using spring-supported 
air foil in front of fan. 

TPT 28, 416 (1990) - Rods of identical size and length in brass, CU, AL,and steel 
show relative importance of two terms in deflection eq for cantilever beams. 

TPT 28, 417 (1990) - Simple resonance demo using paddleball. While not SHM, it shows 
property for low f (no bounce) thru resonance to high f (also no bounce). 


Ease of Setup/Construction: B/C 
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FLUID STATICS F-005 
Pressure Pascal’s Vases & Hydro Paradox 


DEMONSTRATION 

Commercially available apparatus has base 
containing linkage to detect deflection of 
diaphragm due to force on a fixed area. 
Vessels of various shapes are connected to 
same base to show dependence on area of 
base alone. TAP base gently to relieve 
static friction in linkage. 


Antique apparatus shown, available in 
modern version, allows comparison of 
static heights when vessels of differing 
shape and cross section are 
interconnected. 


IDEA - In lower apparatus having valve, 
Use two clear or artificially colored 
liquids of different density, such as 
kerosene or glycerine with water, to show 
DIFFERENT heights. Pour each into its own 
side with valve closed. Then open valve. 
If measurement verification is desired, 
remember to pre-calculate approximate 
heights so interface remains close to 
valve (somewhere in horizontal section). 


"GEORGE" By G. Freier 


SS a 


ig, 
BODY FORCES SUCH AS WEIGHT 
ALSO PRODUCE PRESSURE 


PASCAL WAS FIRST TO SHOW THAT A 
PRESSURE APPLIED TO A CONFINED FLUID 
IS TRANSMITTED EQUALLY AND WNOIMINISHED 


RELATED REFERENCES 

AJP 58, 88 (1991) - Hydrostatic paradox provides example from mechanics for 
introducing vector analysis in upper division E&M course. 

TPT 31, 16 (1993) - "Capacitors, Water Bottles, and Kirchoff’s Loop Rule" - Two 
cylinders of different cross section used to illustrate equality of potential energy 
per unit mass, gh/2. 


Ease of Setup/Construction: B/C 
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FLUID STATICS F-010 


Pressure Pressure of Water - Manometer 


DEMONSTRATION 
Fill U-tube manometer with colored water. Attach funnel to one side of 
U-tube with hose. Stretch piece of rubber balloon over funnel and 
expel excess air until manometer shows zero pressure differential. 
Leave other side of U-tube open to atmosphere. Immerse funnel in 
water-filled aquarium. Height differential on manometer will equal 
water depth. 


Numerical measurements comparing oil and salt water made using similar 
device in TPT 28, 486 (1990). 


WATER MANOMETER connected to lab natural gas jet so as to measure 
pressure. Water manometer, rather than mercury, measures pressure 
differential more precisely. Most gas mains have pressure of 15-20 cm 
water. p=@g Ah 


RELATED REFERENCES 


TPT 26, 26 (1988) - "Hare’s Apparatus" - antique to demonstrate density differences. 
TPT 27, 38 (1989) - Barometers in space. 
AJP 57, 467 (1989) - Pressure sensitivity intermediate between those of water and 


mercury manometers. 
AJP 58, 631 (1990) - A rotating U-tube experiment. 
TPT 31, 110 (1993) - Water barometer uses gallon jug of tea. Corrections discussed. 


* i SAFETY N OTE ” * 
DO NOT CONNECT manometer to propane bottle WITHOUT regulator. Pressure in home shop 
cylinders such as Bernzomatic is sufficiently high at room temperature to blow water 
out of manometer. 


Ease of Setup/Construction: B/B 
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FLUID STATICS F-015 


Pressure Magdeburg Hemispheres 


DEMONSTRATION 
Seat two metal hemispheres with vacuum grease and evacuate. 


Impossible to separate hemispheres until air is readmitted to 
interior. 


ALTERNATE is to place T-shaped handle on pair of suction cups used as 
replacements on car-top carriers or auto body dent-pullers. See TPT 
25, 533 (1987). Push cups together and then attempt to separate. Film 
of water or glycerine on cup improves seal effectiveness. 


CALCULATE force required based on F=pA, about 800 N, or weight of 
adult, for cups 10 cm dia. 


RELATED REFERENCES 


TPT 26, 424 (1988) - Cups held behind head may sometimes be separated because these 
muscles are stronger than those when held in front of chest. 
i 7 SAFETY NOTE j ” 


Because persons, under proper conditions, can exert forces equal to, or greater 
than, their weight, it MAY BE possible to separate these metal or cup halves. 
CAUTION students about injury if separation should occur. 


Ease of Setup/Construction: B/C 
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FLUID STATICS F-020 
Pressure Balloon With 2 Cups 


DEMONSTRATION 

Moisten lips of two styrofoam cups with water 
and press cups firmly against opposite sides 
of partially inflated balloon. Upon further 
inflation, cups stick to balloon. 


Some air is trapped inside cups initially; 
when balloon is inflated more, radius becomes 
larger and trapped volume increases. Pressure 
inside is thus lowered and higher outside 
pressure produces net force on cup holding it 
against balloon. 


a 


higher ' 


low 
in Llahow 


RELATED REFERENCES 


TPT 30, 379 (1992) - Technique for poking sharpened coat hanger thru balloon. 
Compare with water-filled freezer bag. Other balloon demos included. 


Ease of Setup/Construction: A/A 
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FLUID STATICS F-025 
Pressure Collapsing Cans and Drums 


DEMONSTRATION 

Grasp metal soft drink can with clamp or tongs. Place small amount of 
water in can and bring to boil. Quickly invert can and plunge into pan 
of cool water. Abrupt implosion occurs as vapor cools, condenses and 
lowers pressure inside can. Water fountain may be produced inside can 
leading to more rapid cooling. Can also use plastic soda bottle with 
hot (not boiling) water. 


ALTERNATE is to bring to boil about 100 ml of water in gallon metal 
can as in H-068. Remove flame and seal with screw cap or tight 
stopper. A pedagogically less desirable alternative is to use a 
plastic gallon milk jug pumped out with a vacuum pump. 


A more dramatic outdoor demo [TPT 26, 440 (1988)] uses 55-gal steel 
drum using boiling or vacuum method. Force on drumhead approaches 3-4 
TONS! 


PHOTO AT RIGHT shows 9-o0z styro cup before and after being submerged 
to 2270 ft outside deep sea vessel Sea Cliff (DSV-4). Pressure at this 
depth is approximately 7 megaPascals (70 atm), causing entire cup to 
shrink permanently. Gift of Rear Admiral Edward M. Peebles of Bishop 
O’Connell H.S., Falls Church, VA. 


RELATED REFERENCES 

TPT 28, 550 (1990) - Calculation of thermal efficiency during collapse. l 
TPT 29, 144 (1991) - Detailed explanation of this demo including results with LN and 
salad oil. Vapor pressure of coolant is important. 


Š * SAFETY NOTE * * 
USE CARE with open flame. 


Ease of Setup/Construction: B/A 
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FLUID STATICS F-030 
Pressure Drive Straw in Potato-Sense P 


DEMONSTRATION 

Cut piece of plastic straw about 14 cm long. 
Grasp FIRMLY with fist using thumb on top to 
seal end and provide thrust. Drive straw sharply 
thru potato. For better effect support potato on 
top of two pens so straw protrudes out other 
side of potato. Thumb allows pressure to build 
in straw making walls more rigid. If struck 
SHARPLY, momentum of fist produces large force 
on potato. Time interval, A t, is SMALLER the 
sharper the strike, making force on potato even 
larger. 


PRESSURE SENSING WITH HANDS - Select two balls - 
one small metal one and larger, non-metallic but 
heavier one. Ask student to pick up one in each 
hand and decide which is heavier one. Usually 
student chooses small, lighter one because nerve 
endings sense pressure, not weight. To sense 
weight, hands should be moved up and down to 
sense force to accelerate object. See M-120 
also. 


GEORGE By G. Freier 


gg eA 
IT'S AMAZING WHAT A DISTORTED PICTURE 
SOME PEOPLE HAVE OF SIMPLE PHYSICAL | 
PRINCIPLES. 


Ease of Setup/Construction: A/A 
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FLUID STATICS F-035 


Pressure Seat and Bed of Nails 


DEMONSTRATION 

SEAT - Place on low chair or stool so thighs are horizontal when 
seated. Invite student to sit on it. Can also comfortably bounce on 
seat or have second person sit on lap. Calculate approx. force per 
nail (~1#). Use hand to press inflated balloon on seat. 


CONSTRUCT by driving about 324 sixteen-penny nails into 3/4" plywood 
about 38 cm square. Use pre-drilled holes on about 2 cm centers. Nails 


are preselected to have about same length. DO NOT FILE ends. BUILD 
COVER ALSO. 


BED - Straddle bed, support body by both hands and feet. GENTLY lower 
body onto nails. Reasonably comfortable for clothed demonstrator. Not 
recommended for use with thin gym shorts! Some padding required for 
back of head. 


CONSTRUCT Using about 3100 sixteen-penny nails in 3/4" plywood with 
pre-drilled holes on 2 cm centers. Requires about 50 lb nails sorted 
to give about 34 lb of nearly same length. BUILD COVER ALSO. 


RELATED REFERENCES 


AJP 56, 806 (1988) - Analysis via equations plus SAFETY WARNINGS about breaking 
cinder blocks and other objects. 


i " SAFETY NOTE ni * 
KEEP COVERED WHEN NOT IN USE. Do not stand on seat or bed with bare feet, unless 
feet have been well-toughened in barefoot summer. DO NOT use to break cinder block 
with person on nails - See reference above on these dangers. 


Ease of Setup/Construction: A/C 
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FLUID STATICS F-040 
Pressure Boyle Marshmallow/Shave Cream 


DEMONSTRATION 

Place marshmallow inside transparent, illuminated vacuum chamber and 
Slowly evacuate with mechanical pump. Most dramatic change occurs 
when chamber is repressurized to atmospheric pressure. Small acrylic 
chamber works well on overhead projector. 


IDEA - Evacuate chamber using large disposable hypo syringe. Use 
miniature marshmallows [TPT 26, 19 (1988)]. 


ALTERNATE substitutes shaving cream for marshmallow. Somewhat messier 


but larger volume change is produced. Keep shaving cream from entering 
vacuum pump! 


RELATED REFERENCES 
TPT 25, 430 (1987) and 26, 491 (1988) - Use marshmallow to measure density of air! 


Ease of Setup/Construction: B/C 
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FLUID STATICS F-060 
Pressure Garbage Bag Lifts Man 


DEMONSTRATION 

Have student(s) sit or stand on 
board. Operate motor 
intermittently because cleaner 
can break bag. About 200 lbs 
spread over about 5 sq.ft. 
produces less than 0.3 1b/sq.in. 
or 0.02 atm, easily supplied by 
even small cleaner. 


cs 


F 
hi À 
i 
han Í 
MNG 
KS 


CONSTRUCT by sealing open end of 
30 gal. plastic garbage bag with 
“4 es ` duct tape. Cut opening for 

m=» i po vacuum cleaner hose and seal 

a7 hose to bag with tape. Plywood 
board distributes load evenly 
over bag surface. Use vacuum 
cleaner’s exhaust port rather 
than vacuum port. 


7 


WK 


D) 


“GEORGE” 


APPLICATION - Small pressure 
differential inside and outside 
house during high winds produces 
large forces on roofs and 
windows. Suddenly opening door 
in high wind can cause all 
toilets to flush indicating 
pressure changes of about 0.01 
atm or 1000 Pa. 


o 
Pressure vs. Total Force 


* * SAFETY NOTE * wi 
If one or more students STAND on board, have persons on either side to steady them 
in case they lose balance. 


Ease of Setup/Construction: A/A 
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FLUID STATICS F-065 
Pressure Bottle and Baggie 


DEMONSTRATION 

Use empty wide-mouth peanut butter jar. Invert 
BAGGIE over mouth of jar, blow some air into 
bag and tape bag air-tight against bottle. Ask 
student to push bag into bottle (without 
tearing). Using another jar, place BAGGIE 
inside bottle, let edge hang over and tape 
air-tight against bottle. Ask student to pull 
bag out of jar (without tearing). Why won’t it 
come out? 


QUESTION: Is p inside bag above, equal to or 
below atmospheric? When and by how much do they 
differ? 


RELATED REFERENCES 

TPT 28, 324 (1990) - "Self-Inflating Balloons" - Sulfur hexaflouride, 146 gm/mol, 
diffuses out with time as air diffuses in, producing greater inflation - illustrates 
difference between total and partial pressure. 

TPT 28, 406 (1990) - Measure air density using carbon dioxide expelled by shaking 
soft drink container connected to balloon. 

TPT 30, 325 (1992) - Open soft drink bottle and attach pressure gauge without 
shaking. Bet that p will not increase when bottle is shaken. It does not. Shows that 
shaking does not change equilibrium ratio between gas in solution and in head space. 


Ease of Setup/Construction: A/A 
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FLUID STATICS F-070 
Pressure Lifting Rice with Screwdriver 


DEMONSTRATION 

Use small mouth jar filled with 5-min rice. 
Plunge screwdriver or table knife vertically 
into jar quickly so as to compress rice 
Slightly. Pressure on surfaces can be 
sufficient to lift jar from table. If not 
successful with one shape jar, try another. 
May be more difficult to do with long grain 
rice. 


IDEA - Place empty toilet paper roll on table 
and fill halfway with small gravel. Tamp 
gravel down with small rod. Lift roll from 
table and attempt to expel gravel by pushing 
with rod on one end. Illustrates gravel 
distributes load to sides of container which 
is reason for back-filling large pipe and 
metro train tubes with gravel. 


Ease of Setup/Construction: A/A 
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FLUID STATICS F-105 


Buoyant Force Archimedes’ Cup and Can 


DEMONSTRATION 

From trip balance, hang solid metal cylinder 
below bucket whose capacity equals volume of 
solid cylinder and then balance. Balance 
upset when lower, solid cylinder (only) 
completely immersed in water. Balance 
re-established when bucket filled with water 
while cylinder still immersed. Shows buoyant 
force equals weight of displaced fluid. 


APPLICATION - Hydrometers used for checking 
antifreeze and battery acid in cars. 


GEORGE IS PUZZLED By G. Frier 


THIS WAGON WILL CARRY ONLY 20048, THE 
CLOSED BOX WEIGHS [00 Las. I HAVE 4O BLACK 
CROWS INSIO§ FACH WEIGHING 41985, 30 BY 
POUNDING ON THE BOX WE KEEP SOME OF THEM 
FLYING ALL THE TIMER TO REDUCE THE LOAD 
ON THR WAGON. 


(/ WHY DO YOU KEEP 
POUNDING THAT BOX? 


RELATED REFERENCES 
TPT 25, 184 (1987) - Simple hydrometer from soda straw. 


AJP 59, 472 (1991) - Buoyant force on He-filled balloons equivalent to light uniform 
string subject to large UPWARD gravitational field. 


Ease of Setup/Construction: B/B 
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FLUID STATICS F-110 
Buoyant Force Classic vs Diet Coke 


DEMONSTRATION 

Place unopened ALUMINUM cans of CLASSIC and DIET COKE in a clear 
container filled with water. One floats and the other does not. Does 
one have more volume of can? higher gas pressure inside? more fluid 
volume inside? more (heavier) calories? warmer? denser? Follow up with 
other tests to distinguish correct theories from incorrect. Is the 
sucrose denser than aspertane-water solution? Will it also work on 
moon? i l 


NOTE: Will not work with plastic bottles (both sink). 


RELATED REFERENCES 
TPT 24, 164 (1986) - Diet 7-UP, Pepsi and Slice. Perhaps corn syrup vs. Aspertane. 
TPT 26, 95 (1988) - Experiment on composite samples - ball bearings and epoxy. 


Ease of Setup/Construction: B/A 
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FLUID STATICS F-115 
Buoyant Force Bag of Gas 


DEMONSTRATION 

Weigh empty plastic freezer bag about 30 
x 45 cm. which is already taped along 
open edge, including rubber band for 
closing. Fill with air and balance on pan 
balance. Refill with natural gas (lighter 
than air) and note change in apparent 
mass upon rebalancing. If centigram 
balance is available, bags of even 
smaller volume can be used. Try propane 
to show that it is heavier than air. 


"GEORGE" By G. Freier 


RELATED REFERENCES 
TPT 25, 434 (1987) - Compare H and He using rubber or Mylar balloons. 


TPT 26, 401 (1988) - Chemistry-related demo generates gas to expand bag using 
vinegar and soda. 


TPT 27, 46 (1989) - Experiment measuring air density using basketball. Plot mass 
difference vs. pressure. See TPT 29, 115 (1991) for comparison of masses of metal 
sphere, evacuated and air-filled. 


. i SAFETY NOTE i + 
NO OPEN FLAMES nearby else this volume of concentrated gas could ignite violently. 


Ease of Setup/Construction: B/A 
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FLUID STATICS F-120 
Buoyant Force Pepsi-Diver and Windex-Climber 


DEMONSTRATION 

Pepsi-Diver - Medicine dropper with 
sufficient water inside to BARELY FLOAT can 
be made to sink by squeezing sides of bottle. 
Squeezing sides of bottle increases pressure 
inside, forcing more water up into dropper. 
Dropper becomes less buoyant and sinks. 
Preferable to commercial models because 
change in water level inside dropper is 
easily observed. TPT 28, 478 (1990) says 
paper matches will act as diver in soft drink 
bottle. 


Windex-Riser - Medicine dropper with 
sufficient water to BARELY SINK will rise to 
surface when oblong plastic bottle is 
Cargille squeezed across its LARGER diameter because 


® this makes container walls flex outward 
spl lec ee Let REDUCING pressure inside.. ' 


Take the guesswork out of NOTE: These must be readjusted prior to each 
Liquid Density Measurements! day’s use because of changes in atmospheric 
oe e pressure. 


CONSTRUCT from 2- or 3-liter water-filled 

p plastic soft drink bottle from which label 
Permanently has been removed. Use glass of water to 
marked for adjust amount of water in medicine dropper so 
Identification. dropper just barely floats. Place "adjusted" 


Put an end to confusion in recognizing dropper in bottle and screw on cap tightly. 
density or tolerance in liquid density 
ts with Cargille’s weighted, a 
ea sl I el te fa APPLICATION at left used by permission of 


R.P. Cargille Laboratories, Inc. 


Competitors 
standards lack 

the clear identi- 
fication of Cargille’s 
Sink Floats.® 


R.P Cargille Laboratories, Inc. 
55 Commerce Road, Gedar Grove, N.J. 07009 


201-239-6633. 


RELATED REFERENCES 

TPT 27, 51 (1989) =- Automated diver using pressure change from varying water height. 
TPT 27, 306 (1989) - Diver consisting of sealed metal bellows operates over wider 
changes in atmospheric pressure. 

TPT 27, 550 (1989) - Uses salt water in multi-layers with 3 droppers as divers. 


Ease of Setup/Construction: A/A 
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FLUID STATICS F-125 


Buoyant Force Cartesian Diver Analog - Beans 


DEMONSTRATION 

Unseen by class, bury Ping-Pong ball in bowl of white beans. In sight 
of class, place black ball (steel) atop bowl of white beans and swirl 
bowl vigorously. Black ball sinks into beans, which are lower in 
density, and white ball reappears in its place (floats to top). Ref: 
TPT 26, 101 (1988). This analog is contested in TPT 28, 104 (1990). 


NOTE: Bowl with tapering sides aids swirling. 


Ease of Setup/Construction: A/A 
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FLUID STATICS 
Buoyant Force 


RELATED REFERENCES 


F-130 
Ship in a Liter 


DEMONSTRATION 

Fit cylindrical wooden block to inside 
of beaker to show that large volume of 
wood will float in less than 10% that 
volume of water. Taller beakers of 
smaller diameter with block 
custom-tapered to fit closely give 
more pronounced effect. 


ALTERNATIVE - Stacked styrofoam cups, 
one 1/4 full and other 3/4 full can be 
used as contrasts. Ref. TPT 28, 510 
(1990). 


QUESTION: For sphere placed in 
cylindrical beaker of essentially same 
diameter, what is minimum volume of 
water to just float the sphere? See 
AJP 53, 269 (1985). 


AJP 55, 799 (1987) - Discussion of metacentric height and stability. 


Ease of Setup/Construction: 


A/B 
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FLUID STATICS F-135 
Buoyant Force Plastic Ball in Salt Solution 


DEMONSTRATION 

Ball from BAN deodorant has density barely 
greater than 1. When placed in rock salt 
solution it will float. Dilute solution as 
necessary to produce neutral buoyancy about 
halfway down. Solution has density gradient 
when allowed to stand undisturbed overnight. 
For quicker fix, use long funnel to pour salt 
solution to bottom of bottle beneath pure 
water layer. 


CONSTRUCT using small cylindrical bottle (such 
as fancy pack for olives) to enhance 
magnification. Place on corner of overhead 
projector for added visibility. 


APPLICATION below used by permission of R.P. 
Cargille Laboratories, Inc. 


HEAVY 


(DENSITY) 


LIQUIDS 


Determine and monitor densities 
of nonporous solids with Cargille 
Heavy Liquids. Simply swirl 
specimen in successive Heavy 
Liquids until specimen that re- 
mains suspended matches in 
density. Rapid, easy and accurate. 
Heavy Liquids available individ- 
ually or in sets over a 0.80 to 5.00 
gm/ml density range. 


‘eary ct 
tee 


Euis 
Rea 


Send for Descriptive Brochure HL 


R.P. CARGILLE LABORATORIES. INC. 
CEDAR GROVE. NJ. 07009 US.A 
(201) 239-6633 


RELATED REFERENCES 
TPT 25, 508 (1987) - Application to worlds of differing "g". 

TPT 26, 572 (1988) - Viewing vertical motion of salt water oscillator using overhead 
projector. 


Ease of Setup/Construction: A/A 
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FLUID DYNAMICS F-200 
Buoyant Force in Accel. Frame Golf Ball in Jar(s) 


DEMONSTRATION —_ 

Show students two jars with golf balls described in M-350 but do not 
reveal, initially, the difference between them. (One lighter-than- 
water "practice" ball tied by thin thread to string epoxied to BOTTOM 
of jar and one hung by thin thread from jar lid.) 


Linear Acceleration - Accelerate jar with solid ball by sliding 
rapidly along table or held in hand. Note that string tension ADDS to 
buoyant force (BF) to provide acceleration, but BF is small. Repeat 
with practice ball and note string force (downward at angle) is 
OVERCOME by BF. 


Centripetal Acceleration - Place both jars on board clamped on 
turntable. Spin to show heavy ball moves outward to secure its NET 
inward force while practice ball moves INWARD to secure its required 
inward force furnished by BF. Balls (same size) have identical buoyant 
forces. Solid ball, substantially larger in mass, requires larger NET 
inward force than practice ball. See force diagram below and 
additional discussion in M-350 to explain their quite different 
behavior under acceleration. 
My rw Mar o? 
ALTERNATE is to use Bubble in Water- 
Filled Tube of M-102. Hold tube hori- 
zontally by one end and whirl body in 
arc of circle. 


Be | V- 


Th 


Tura table Apis 


RELATED REFERENCES : 

TPT 28, 210 (1990) - String on wooden rod partly submerged in water is basis for 
teaching problem analysis. Uses geometry, trig and calculus followed by experimental 
verification. 


Ease of Setup/Construction: A/B 
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FLUID DYNAMICS F-210 
Bernoulli’s Equation Constriction of Air Flow 


DEMONSTRATION 

Air Model - Colored water-filled, three-arm manometer shows reduced 
pressure in constriction where air flow velocity is highest. Called 
Venturi meter when used to measure speed of flow. 


APPLICATION - Testing home central vacuum system for blockage - Use 
open manometer (water) connected to hole in side of short length of 
plastic tube which fits snugly into wall vacuum outlet. Get reference 
data for unobstructed lines on manometer height differential. Do same 
for new bag vs dirty one and no bag at all. Compare base data with 
that taken when trouble is suspected. 


RELATED REFERENCES 


TPT 27, 306 (1989) - Candles used as detectors when placed near holes in constricted 
tube using air flow. 
TPT 27, 598 (1989) - Viscous fluids contrasted with non-viscous. Poiseuille’s 


Equation used. 


" ? SAFETY NOTE ji 
MERCURY-filled manometers can be dangerous. Avoid using them if possible. If Hg is 
spilled, recover immediately by vacuuming into jar to isolate from room atmosphere. 
Be careful not to ingest. 


Ease of Setup/Construction: A/C 
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FLUID DYNAMICS 
Bernoulli's Equation 


RELATED REFERENCES 


F-215 
Spool and Card - Metal Disks 


DEMONSTRATION 

Place thumb tack through center of 
index card. Place sharp end of tack 
into hole in spool from sewing 
thread. Blow thru other end of hole 
to show card cannot be blown off. 
Turn upside down while blowing for 
greater effect. Air moving between 
spool and card exerts less pressure 
than still air on other side of card. 


ALTERNATE is to make two flat metal 
disks up to 10 cm dia, one with tube 
on axis to admit air, other solid and 
reasonably massive. Requires 
compressed air for high flow rate to 
support heavier disks. Can outfit 
with hook to attach hanging mass for 
determining support limit. 


TPT 28, 78 (1990) - "Aerodynamic Lifting Force" - Reaction forces from curving 


streams and air foils. 


Ease of Setup/Construction: 


A/A 
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FLUID DYNAMICS 
Bernoulli’s Equation 


F-220 
Ball in Funnel 


DEMONSTRATION 


Hold ping pong ball in small funnel. Release ball while blowing thru 
funnel (or use compressed air). Turn funnel upside down and sideways. 
Paint ball halves in TWO bright colors for better visibility. Analysis 


below applies to orientation in photo. 


p,+0.5@ vith, = p,t0.5@ v, th, 
Let A be in stream where ball is 
tangent to funnel and B is below ball 


Netream 7 Mg (almost) : 
Vz, = 0 P = 1 atm = 10° Pa 
Substituting in top eq. 
5 2 
10° = Petream * 0.5 g V stream 


Conclusion: In stream, higher v pro- 
duces p below atmospheric causing net 
force up on ball. 


RELATED REFERENCES 


AJP 55, 52 (1987) - "A Comparison of Explanations of the Aerodynamic Lifting Force" 
TPT 28, 297 (1990) - "Laminar and Turbulent Flow in a Glass Tube" - Experiment to 
estimate Reynolds number above which flow becomes turbulent. 


Ease of Setup/Construction: A/A 
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FLUID DYNAMICS F-225 
Bernoulli’s Equation Ball in Air or Water Jet 


DEMONSTRATION 

Place air-filled plastic beach ball 
in air stream from hose attached to 
output end of vacuum cleaner or air 
source for air track. Can use rigid 
pipe section inserted in hose, if 
desired. Flow rate adequate to 
support Nerf ball of 10 cm dia. 
Increase velocity by inserting 
constricting end in pipe. (Make 
nozzle by cutting off bottom of 
plastic bottle and wedging end with 
mouth into pipe. ) Can now support 
hollow plastic baseballs, some 
beach balls, but not Nerf ball. Try 
tilting pipe toward 45 deg angle to 
maintain ball in stream. Try moving 
pipe Slowly sideways to carry ball 
with air stream. Some beach balls 
can be supported in open vertical 
stream from 40-50-cm dia portable 
fan. 


Balls remain stable because 
(nearly) still air (higher 
pressure) on one side of ball 
pushes it back into air stream of 
higher velocity (lower pressure) 
air. 


ALTERNATE is to place Ping Pong 
ball in stream from small 
compressed air jet (hole drilled 
with #53 drill works well). 

Students like to use water better - 
make hole slightly larger using #27 
drill. 


RELATED REFERENCES 
TPT 27, 308 (1989) - Hall demo built from discarded dresser. 


Ease of Setup/Construction: A/B 
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FLUID DYNAMICS 
Bernoulli’s Equation 


RELATED REFERENCES 


F-230 
Float L’eggs and File Handles 


DEMONSTRATION 

L’eggs panty hose containers bobble in a more 
interesting way than spheres because of their 
ellipsoidal shape. Nerf balls and hollow plastic 
indoor ‘’baseballs’ also work but may require 
alteration of diameter of emerging air stream. 


A light file or screwdriver can be floated in air 
stream. BE SURE to use a SMOOTH handle, not the 
usual fluted one which produces turbulence. May 
be necessary to break off part of file end to 
adjust center of mass over center of air stream. 
Air supply can be output from vacuum cleaner or 
air track supply shown in F-225. 


AJP 55, 1040 (1987) - "A Flettner Rotor Ship Demonstration" - Vertical rotating 
cylinder (beer can) powered by toy motor. Construction details given. Also see AJP 


57, 181 for corrections. 


Ease of Setup/Construction: A/B 
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FLUID DYNAMICS F-235 


Bernoulli’s Equation Two Light Bulbs on Strings 


DEMONSTRATION 

Suspend two light bulbs from table rod. 
Blow sharply between bulbs so as to hear 
them clank together. Suspend in field of 
overhead projector turned on its side to 
produce magnified image on ceiling. 


"GEORGE" By G. Freier 


RELATED REFERENCES 
AJP 55, 52 (1987) - Discussion of lift force, angle of attack, and stream velocity. 


Ease of Setup/Construction: B/A 
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FLUID DYNAMICS 
Bernoulli’s Equation 


RELATED REFERENCES 


F-240 
Card over Spinning Plate 


DEMONSTRATION 

Strip of thin paper held over spinning disk 
will stick closely to disk due to high speed 
air flow beneath strip. Repeat using 
underside of disk for effect opposing 
gravity. Use 35mm projector to 
shadow-project image. 


CONSTRUCT by mounting small motor with shaft 
vertical and attach 3/16 or 1/4" thick 
aluminum plate to shaft. Diameter depends on 
motor speed but good choice is 3600 RPM with 
35 cm diameter plate (tangential velocity 
about 64 m/s). Also commercially available 
with painted surface for a dozen other demos 
elsewhere in this book. 


TPT 25, 368 (1987) - Physics of aircraft flight. 


Ease of Setup/Construction: A/C 
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FLUID DYNAMICS F-260 
Magnus Effect Curving Styrofoam Balls 


DEMONSTRATION 

Grip thrower in one hand while retaining 
ball in thrower with one finger. Throw 
using wrist motion to flip ball out with 
high spin rate. Throw overhand to 
demonstrate rise of "fast ball". Throw 
sidearm to show curve ball and underhand 
for "drop ball". 


Transverse force on ROTATING cylinder in 
moving fluid stream is known as Magnus 
effect, as distinguished from transverse 
force due to moving stream alone. 
Asymmetrical flow over airplane wing 
results from circulation flow 
superimposed on original symmetrical 
flow. See Sears & Zemansky, "University 
Physics", 3rd Ed. p.324-6, Addison-Wesley 
(1964). 


CONSTRUCT thrower from 30 to 40-cm length 
of mailing tube or PVC water pipe of dia 
Slightly larger than ball. Lighter 
thrower works best. Split tube in half 
lengthwise and line with sandpaper to 
provide rougher surface. Trim end to 
provide comfortable grip. USE with 
styrofoam balls sold for Christmas 
decorations; light and rough enough to 
have air film dragged around 
circumference. Dia 6-8 cm works well. 


ALTERNATE for Magnus effect on airplane 
wings is air fan cart in M-324. 


F = @vLFfP where F is transverse, force 
on cylinder, @ is fluid density, v is 
velocity in undisturbed flow at large 
distance, L is cylinder length, and 
=$V+-dS called circulation. 


RELATED REFERENCES 
AJP 53, 1072 (1985) and 55, 40 (1987) =- Theory on spinning baseballs. 
TPT 26, 122 (1988) - Fan cart equipped to show airplane dynamics. 


Ease of Setup/Construction: A/B 
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FLUID DYNAMICS F-265 
Magnus Effect Curving Cups - Mailing Tube 


DEMONSTRATION 
Wrap combination near taped joint with rubber band wound as a yo-yo 
would be wound, stretching band while wrapping. Holding free end of 
band in one hand and cup in other hand, separate hands to further 
increase stretch. Release cups so they have backspin. Cups should 
experience lift and perform "loop-the-loop". See F-260 for details on 
Magnus effect. 


CONSTRUCT by taping two styrofoam cups bottom to bottom. Interlace 3 
or 4 rubber bands together to make one long band. 


ALTERNATE is to use mailing tube jerked with meter stick attached at 2 
points to strings wound around tube. Can also use toilet tissue roll 
or paper towel cylinders with rubber band. 

(a) Airflow about base- 

ball NOT spinning. 

(b) Air flow about 
spinning baseball. 

(c) Photos of smoke 
trails around SPINNING 
baseball. 


Edwin Jones/Richard 
Childers, "Contempo- 
rary Physics", @1991 
by Addison-Wesley 
Publishing Company, 
Inc. Reprinted by 
permission of the 
publisher. 


RELATED REFERENCES 
TPT 4, 295 (1966) - "Airplane Flight" - An older but very complete, reference on 


basic flight conditions and flows over cylinders and air foils. Excellent background 
including Magnus effect. 


AJP 55, 40 (1987) - "The Lateral Force on a Spinning Sphere: Aerodynamics of a 
Curveball" - Detailed measurements with graphs. 


Ease of Setup/Construction: A/A 
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FLUID DYNAMICS F-280 
Vortex Generators Tornado in Jug - Coupled Jugs 


DEMONSTRATION 

Fill glass gallon jug with water, invert and 
use rotary motion to establish vortex of water 
swirling about vertical axis, analagous to air 
vortex in tornado. Challenge students to see 
who can empty jug first. The glug-glug method, 
without rotary motion, takes 35-40 sec vs 20-25 
for vortex method. Can also be done with 2-3 
liter soft drink bottle. Choose one with 
smallest neck possible. 


Commercially available molded plastic fitting 
couples two soft drink bottles together so 
water is exchanged between the two. Larger 
diameter bottle is more visible and lasts 
longer. Colored water enhances effect too. 


Vortex motion, as when water flows out of tub, 
has circulation [ =$ Y» S with velocity at 
any point inversely proportional to radius, r, 
with Fi ee te 
k/r $ = 2" rk/r = 27k 

A thus independent ae r for any closed 
curve surrounding axis. Ref. Sears & Zemansky, 
"University Physics", 3rd Ed. p.324, 
Addison-Wesley (1964). 


RELATED REFERENCES 


TPT 25, 516 (1987) - Discussion of angular momentum and negligible Coriolis force. 
TPT 27, 70 (1989) - Cheap version of commercial coupler above uses plastic hose. 

TPT 27, 212 (1989) - Measurement of air speed in real tornado using Doppler radar. 
TPT 28, 494 (1990) - Tornado in fruit jar utilizes fine bubbles from small amount of 


detergent added to water. Example of centrifugal action and light scattering. 


Ease of Setup/Construction: A/A 
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FLUID DYNAMICS F-285 
Vortex Generators Air Cannon 


DEMONSTRATION 

Hold box in one hand, pull back on knob and release to project puff of 
air toward such items as lighted candle, drowsy student or 
handkerchief. Puff is actually vortex ring which can be made visible 
by filling box with smoke and firing toward ceiling light. Try 
changing opening from circle to triangle or square by taping another 
cardboard aperture over bottom hole. 


CONSTRUCT using cardboard box about 25x30x40 cm. Cut off top and cut 
circular hole in bottom of dia about half box dimension. Cut piece of 
heavy plastic (4-6 mil) about 7 cm larger in each dimension than box 
top. Reinforce center of plastic with duct tape, then poke screw eye 
thru center and into small wooden knob on other side. Loosely cover 
box top with plastic sheet (knob side out) and secure edges to box 
using duct tape. Sheet should have enough slack to produce diaphragm 
motion for cannon. Put two rubber bands together to make one long 
band. Make two such bands, attaching one end of each to screw eye and 
other ends to bottom of box somewhere between center hole and edge. 
See W-005 for detail drawing. 


CONSTRUCT smoke generator from pint or quart food jar fitted with 
stopper and tube per drawing in W-005. One piece of tube should be 
sized to hold cigarette and other to connect to atomizer squeeze bulb. 
ALTERNATE is to use incense or smoker used by bee keepers. 


* * SAFETY NOTE * * 


Avoid use of tobacco smoke if at all possible. Use any type smoke rings SPARINGLY, 
especially in smaller rooms. Do not aim at anyone. 


Ease of Setup/Construction: A/B 
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FLUID PROPERTIES 
Pressure 


F-305 
Egg in Bottle 


DEMONSTRATION 

Select bottle with mouth dia barely smaller than 
typical hard boiled egg. (Old milk bottle shown 
here has mouth 38 mm dia - current version is 
40-0oz Welch’s grape juice bottle) Ignite piece of 
paper with match, drop in bottle, and quickly 
place moistened, peeled, hard-boiled egg in 
bottle mouth. When paper goes out, heated air 
quickly cools, reducing pressure in bottle, and 
egg is pushed inside hole. To remove whole egg, 
tilt bottle up, place lips tightly against 
bottle, and exhale. If moist egg makes tight seal 
in neck, it will be pushed out when you take 
bottle away from mouth. 


CAUTION: It plops out right in your face. 


Ease of Setup/Construction: A/A 
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FLUID PROPERTIES F-310 
Surface Tension & Pressure Water Upside Down on Card 


DEMONSTRATION 

Fill glass with water, place stiff card over 
top and hold card on glass while inverting 
glass. Remove hand and card remains due to 
atmospheric pressure below card exceeding 
water pressure above. Card will stay in place 
even if glass is not full of water. Very 
slight increase in volume of air when card is 
removed decreases pressure of trapped air. 
Surface tension of water keeps it from running 
out at circumference. 


Use funnel in place of glass to prove effect 
not due entirely to surface tension. Water 
spills when finger covering funnel opening is 
removed. Shows partial vacuum created inside 
containers so that greater outside pressure + 
surface tension keeps water in. 


IDEA - Use glass "T" to connect manometer to 
funnel to measure change in pressure while 
finger covers hole open to atmosphere. 


COLORED water will enhance visibility. 


RELATED REFERENCES 
TPT 24, 354 (1986) - Detection of changes in atm. pressure between floors. 
TPT 26, 491 (1988) - Discussion of concepts. 


Ease of Setup/Construction: A/A 
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FLUID PROPERTIES F-315 
Surface Tension & Pressure Bottle with Hole and Screen 


DEMONSTRATION 

Fill "special" bottle 3/4 full of water. Unseen by 
students, hold bottle while filling with finger over 
hole near base. Tip bottle and release water at will by 
raising finger off hole imperceptibly, then stop flow 
by covering hole again. Accompany this with some 
hocus-pocus statements. 


CONSTRUCT by drilling hole in side of glass bottle 
using flat-ended drill in drill press with slurry of 
water and carborundum on glass. Support bottle on its 
Side with sand bags or similar cushion on drill press 
table. Reduce opening at top of bottle to about 5 mm 
diam if necessary by using molten wax annulus as shown 
at upper left. 


ALTERNATE uses bottle with screen wire epoxied over 
mouth. Water will pour out when full bottle is held 
horizontally, but not in vertical position. Rubbing 
dampened finger over mesh will cause mesh to "leak". 


APPLICATION is water-resistant tent material which can 
leak if dampened finger is rubbed over inside of tent 
during rain storm. 


RELATED REFERENCES 


AJP 59, 533 (1991) - "Fluid Uptake by a Blotter" - Home experiment involving 
viscosity and graphing of results. 


Ease of Setup/Construction: A/A 
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FLUID PROPERTIES 


F-320 


Surface Tension & Pressure Pencil in Bottle 


RELATED REFERENCES 


DEMONSTRATION 

With disk in place, fill bottle with water using 
lab hose-nozzle faucet. Invert bottle and insert 
pencil thru hole in plastic plug. Pencil floats 
upward to bottom of bottle. Demonstrate before 
mentioning clear plastic disk in hole. 


CONSTRUCT by fitting mouth of bottle with acrylic 
disk about 0.5 cm thick so that it snaps into 
place. Drill hole in center of disk with diameter 
Slightly larger than pencil and water will not 
pour out when inverted. 


"GEORGE" By G. Freier 


NOW I KNOW WHAT YOU 


MEAN BY SURFACE TENSION 
AND VISCOSITY 


TPT 28, 548 (1990) - Experiment and theory on rate of water uptake for 3 brands of 


paper towels. 


Ease of Setup/Construction: A/B 
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FLUID PROPERTIES | F-330 


Surface Tension Sieve Bucket - Float Needle 


PET RESON AL DER es < 
SARS) x 


DEMONSTRATION 
Fine sieve will hold water if carefully added. Touching beneath mesh 
with fingers dampened with water or detergent will cause leaking, 


i.e., when tent camping in the rain, don’t rub the underside of the 
canvas. 


FLOAT NEEDLE in petrie dish filled with water to depth of about 1 cm. 
Place on overhead stage. Needle is gently lowered into water while 
held horizontally with tweezers. Helps to rub needle thru hair first 
to "oil" needle. Add drop of soap solution or detergent to show needle 
will sink because of reduced surface tension. 


FLOAT pepper on water in petrie dish on overhead. Touch corner of 


PREVIOUSLY MOISTENED bar of soap to water and see pepper move quickly 
to perimeter due to change of surface tension from soap. 


RELATED REFERENCES 


AJP 58, 791 (1990) - "The Measurement of Surface Tension by the Method of Direct 
Pull". 
TPT 29, 414 (1991) - Tricks of trade shown for floating needles and Al coins using 


surface tension. 
Ease of Setup/Construction: A/A 
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FLUID PROPERTIES F-360 


Minimum Energy Surfaces Soap Films on Wire Frames 


DEMONSTRATION 


Dip wire frames of various sizes and shapes into soap solution. Soap 
films formed will be surfaces of minimum energy. Use on overhead 
projector to make visible to large class. 


For long-lasting films mix, several days ahead of use: 140 ml Joy 
detergent, 300 ml glycerine and 450 ml water. 


Commercial models of frames available thru Exploratorium, San 
Francisco. 


RELATED REFERENCES 


TPT 3, 285 (1965) - Formula for long-lasting films. 
Sci. Amer. 235, 82 (1976) - "The Geometry of Soap Films and Soap Bubbles" 
TPT 26, 238 (1988) - Large sheet films used in museums. 


Ease of Setup/Construction: A/B 
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IDEAL GAS 


TEMPERATURE H-010 


Thermometers Lamp Resistance 


DEMONSTRATION 

Digital meter connected to filament shows resistance varies from about 
5 to 10 ohms when heated by heat lamp or held high above burner flame. 
(Hair dryer not as good because filament vibrates from air stream.) 
Use TV to make digital readout visible to large class. 


CONSTRUCT by carefully removing glass envelope from 200W incandescent 
bulb (See E-280). 


Ease of Setup/Construction: B/A 
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TEMPERATURE H-014 
Thermometers Thermocouple and Thermopile 


" 


ace 


DEMONSTRATION 

Clean ends of wires of two dissimilar metals and twist together. Heat 
junction and measure EMF between other two ends with digital meter. 
Precise measurement requires second "reference" junction. Many 
thermocouples will produce EMF of several mV when heated by heat gun 
or burner. Plot below shows behavior over large temperature range. 
Curve is parabolic for this temperature range, and nearly linear near 
room temperature. 


THERMOPILE is collection of many thermocouples connected in series 
with "hot" junctions facing one direction and "cola" junctions facing 
opposite. This enhances sensitivity, which can be further enhanced by 
mounting in conical reflector to increase area over which radiation is 
collected. 


EMF = aT + bT*, Obtain values for a and b by producing linear plot, 
i.e., divide by T to get: EMF/T = a + bT where T is temp. diff. of 
hot and cold (ice) junctions in degC. EMF per unit temp. is called 
thermoelectric "power", a misnomer because it is not energy/time. 
Thermocouple nomenclature uses first named metal as +. Cu/Constantan 
and Cu/Fe produce relatively large EMF. 


EMF — mv 


[EMF = aT +bT~2 | | 


as E T paj | ee — = on | en 
o | —-—-4——-— | Inversion Pt. = a 
| 
i 
H KONER 


i 
| 
iy ae a ee ee ee E 
0 100 200 300 400 500 600 700 
Temperalure — degC 


RELATED REFERENCES 
Handbook of Chemistry and Physics has tables on thermoelectric "power" for various 
materials relative to Pb. 


Ease of Setup/Construction: B/A 
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TEMPERATURE H-018 
Thermometers Liquid Xtal-Galileo’s Thermom. 


blackened 
bulb 


opening +o 
z E a ophav 


DEMONSTRATION 
LIQUID CRYSTALS available commercially as thermometer strips or in 
sheets sold in museum stores, each responding to a specific 
temperature range which is color dependent. For temperatures near 0 
degC, use strips available in auto parts store for use on auto air 
conditioner lines. 


GALILEO’S THERMOMETER - Warm bulb with hands to drive out trapped air 
and draw liquid up into tubing. Changes in atmospheric pressure 
require adjustment of liquid level in glass tubing. Use two parabolic 
reflectors to focus energy from 200W incandescent bulb or Bunsen flame 
onto bulb. Reflect light from source onto small card to locate focal 
point. Change location of blackened bulb to emphasize that radiation 
outside visible range is reflected and focussed. Sufficiently 
sensitive to detect burner flame 5 m from reflector. Can also use this 
with thermocouple detector at focal point. Use TV for large classes. 


CONSTRUCT from thin-walled spherical glass bulb 6 cm in dia. (half of 
a discarded pulse glass works well) sealed to length of 5 mm I.D. 
glass tubing. Bulb is prime-coated and sprayed flat black (antique had 
mixture of lamp black and shellac) and mounted thru stopper in flask 
containing water with food coloring added. Stopper must have second 
hole or slot cut at edge to allow pressure inside flask to remain 
equalized with atmosphere. 


RELATED REFERENCES 


AJP 53, 737 (1985) - Historical review of focussing ‘cold emanations’ - related to 
Count Rumford. 
TPT 28, 56 (1990) - Focussing with reflectors heat from 80W nichrome source - 3 ways 


used to light match at 1 m. 


Ease of Setup/Construction: A/C 
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THERMAL EXPANSION H-040 


Expansion - Linear Metal Rod with Laser 


DEMONSTRATION 


Homemade version of rod and roller available commercially. Laser 
beam, reflected from mirror onto distant wall, forms indicator of 
needle position. When candle flame or match is held beneath rod, 
expansion causes needle to roll, which rotates mirror and moves laser 
spot on wall. Sensitivity, far greater than with commercial model, 
depends on wall-to-mirror distance and on needle diameter. Beware of 
slippage where rod rests on needle. 


L = Lo (1+o0 AT) 
where & is temp. coeff. of linear expansion and AT is temp. change. 


CONSTRUCT with 90-cm brass rod resting on two soft drink bottles 
filled with water or sand. One end of rod is fixed by notch resting on 
matching piece of metal epoxied to the cap of one bottle. Epoxy small 


piece of mirror to sewing needle and place needle atop other bottle to 
form a roller for other end of rod. 


RELATED REFERENCES 


TPT 26, 400 (1988) - Uses hair dryer as heat source and machinist’s dial indicator 
(+/- 0.001") as expansion detector. 


Ease of Setup/Construction: B/B 
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THERMAL EXPANSION H-044 


Expansion - Linear Thermostat-Auto-Stove-Bimetal 


DEMONSTRATION 

Place auto thermostat in beaker of water and heat. Measure temperature 
at which opening occurs. Nominal opening temperature frequently 
stamped on end of expansion pellet, e.g., 195 deg(F). Fully open about 


5-7 deg above this. Age usually reduces opening temperature. Discards 
available from garages. 


STOVE thermostat has capillary tube inside oven. Expanding gas 
operates contacts, which are adjustable by calibrated dial. 


BIMETALLIC strip curves upon heating. Three contacts allow connections 
for ON when heating or ON when cooling. Bimetallic element is 
sensitive to lamp bulb or heat gun. Connect in series with low voltage 
DC or battery to turn several light bulbs on or off. Discuss control 
of furnace vs air conditioner with same thermostat. 


IDEA - Find discarded home thermostat, preferably with clock, so 
students can see mechanics of timer mechanism for night setback. 


RELATED REFERENCES 


AJP 59, 60 (1991) - Thermometers based on spheroid floating in vertical tubes. See 
also AJP 57, 845 (1989). 


* i SAFETY NOTE ” ” 
If 120 VAC is used in the controlled circuit, USE CARE because of EXPOSED CONTACTS. 
Under certain conditions, voltages far less than this can be LETHAL. 


Ease of Setup/Construction: A/C 
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THERMAL EXPANSION 
Expansion - Non-Linear 


Ease of Setup/Construction: 


H-054 
Rubber Band 


DEMONSTRATION 

Hang 1 kg from rubber band (6 mm width). 
Use 35 mm projector and lens with focal 
length about 35 cm to project image on 
screen. Or remove lens from 35 mm 
projector, insert aluminum or cardboard 
slide with 10-12 mm dia. hole, and use to 
shadow project band and weight on screen. 
Provide reference marker and supply heat 
from infrared heat lamp. 


NOTE that rubber band contracts! Rubber is 
one of few materials having negative 
thermal coefficient of linear expansion. 
This improves grip of auto tires and rim 
as they heat up at higher speeds. 


B/A 
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THERMAL EXPANSION 
Expansion - Volume 


RELATED REFERENCES 


H-064 
Dime on Coke Bottle 


DEMONSTRATION 

Place glass Coke or beer bottle in 
large beaker and surround with 
crushed ice or chill bottle in 
freezer. Remove after cooling, 
moisten mouth of bottle, and then 
cover it with dime. Dime with water 
film makes almost air-tight fit. 
Bottle will "burp" as trapped air 
expands. Speed up warming bottle 
with hands. Glass bottle designed 
for crimp-on cap used because dime 
fits nicely into mouth indentation. 


ALTERNATIVE is to place room 
temperature bottle in beaker of 
warm water to secure expansion. Use 
device as "spoof" passion meter to 
detect which students have hands 
sufficiently hot to make bottle 
burp most frequently. For fair 
comparison each student must start 
with same initial conditions. 


V = Vo (1 +b AT) where 4 is 
temperature coeff. of volume 
expansion and AT is temperature 
change. Good exercise in calculus 
is to prove p= 3X. 


AJP 53, 696 (1985) - Ratio of specific heats of gas can be obtained from decay of 


oscillations of piston in glass syringe. 


TPT 26, 235 (1988) - Ratio also obtained by oscillating ball in tube attached to 
large reservoir - Ruchhardt’s method. 


Ease of Setup/Construction: 


A/A 
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THERMAL EXPANSION H-068 
Expansion - Volume Balloon in Flask-Collapse Can 


TTO 


rect process 4 


DEMONSTRATION 

Boil few ml of water in 500 ml flat bottom flask. Remove from heat and 
quickly apply small toy balloon over mouth of flask. Balloon may be 
drawn in and out by combined action of atmospheric pressure and slow 
heating and cooling of flask. May be necessary to use rubber band to 
seal balloon to neck of flask. 


IDEA - Add 5 ml water to inverted balloon while collapsed inside 
flask. Heat flask gently to produce geyser effect from sudden 
expansion. From TPT 27, 95 (1989). 


COLLAPSE gallon metal can by contraction by atmospheric pressure. 
Bring to boil several ml water in can. Remove from flame and screw on 
cap or plug with stopper. Sprinkling water on can speeds up cooling 
and reduces interior pressure such that atmospheric pressure crushes 
can. 


ALTERNATIVE uses soft drink can as in F-025. 


RELATED REFERENCES 


TPT 26, 440 (1988) - Spectacular outdoor demo collapses 55 gal steel drum using 
boiling water or vacuum method. 


. i SAFETY NOTE 3 i 
Boiling water can cause serious burns. USE CARE. 


Ease of Setup/Construction: B/A 
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THERMAL EXPANSION H-078 
Expansion - Volume-Non-Linear Objects in Liquid Nitrogen 


RELATED REFERENCES 


DEMONSTRATION 
Place various items in container of liquid 
nitrogen. Two liter, wide-mouthed Dewar 
convenient. Suggested items are balloons, cheap 
rubber balls, bananas, and flowers. 

USE GLOVES 
Remove balloon and observe as it warms. Remove 
flowers and strike on table edge. Ball shatters 
when thrown on floor. KEEP AUDIENCE AWAY from 
broken pieces. 


DO NOT ATTEMPT to place even small amount of 
liquid nitrogen in mouth even though you may have 
seen this done by others. This can be extremely 
DANGEROUS. 


TPT 26, 19 (1988) - "Experiments with Disposable Hypodermic Syringes" - Boyle’s and 
Charles’Law, atmospheric pressure, boiling at reduced pressure. 
TPT 28, 322 (1990) - Various demos with liquid nitrogen. 


SAFETY NOTE : . 


Liquid nitrogen can cause freezing burns. Do not place hands in container. Use 


safety glasses in case liquid spatters toward eyes. Keep students at safe distance 
unless protected. 


Ease of Setup/Construction: B/B 
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THERMAL EXPANSION 
Explosion 


H-090 
Exploding Can 


DEMONSTRATION 

Two or five-lb, institution-size, 
baking powder can has 12mm hole 
drilled in top and bottom. Fill with 
NATURAL gas using hose. Remove hose, 
place can over edge of table and light 
TOP hole with match as "pilot light". 
DO NOT make hole larger or flashback 
may occur. 


STAND BACK. When air enters thru 
bottom hole to replace gas which is 
burned at top, ratio of air to gas in 
mixture increases. At about 9 parts 
air to 1 part gas, explosion occurs. 
WILL NOT WORK WITH PROPANE which is 
heavier than air. Explosion occurs in 
about 2-3 min for smaller can; longer 
for larger. Effect is heightened if 
lights are off. 


IDEA - Use this opportunity to discuss 
safe practices with gas and gas 
appliances. 


" : SAFETY NOTE “ # 
All explosions can be DANGEROUS. Such demos should be properly supervised; safety 
goggles are recommended; and safety aspects of home gas appliances should be 


discussed with students. 


Ease of Setup/Construction: 


A/A 
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DIFFERENTIAL EXPANSION H-110 
Expansion - Linear Bimetallic Strip & Flag Waver 


DEMONSTRATION 

Two dissimilar metal strips are bonded 
together and fastened to handle. Strips 
bend when heated as metal of larger 
temperature coefficient tries to take 
longer path on outside of the curve. Ball 
and ring also shows linear expansion. See 
H-114. 


COMMERCIAL MODEL (Edmund Scientific) is 

flag attached to bimetallic strip heated 
by light bulb causing it to oscillate as 
heating and cooling occur alternately. 


L = Lo (1 +x AT), approximately, for 
each material, where % is temperature 
coeff. of linear expansion. œ for steel 
is greater than for brass. Therefore 
strip bends, with steel taking longer 
path on outside. Ref below shows above 
approximation results from exact 
expression L = Lo exp(+%AT) or 

Lo = L exp(-O AT). 


RELATED REFERENCES 

TPT 31, 214 (1993) - Usual expression for expansion, an approximation, produces 
mathematical assymmetry on rising vs falling temperature. Difficulty cured by using 
exact expression which is exponential. 


* % SAFETY N OTE ii ” 
USE CARE with open flame. Do not place hot metal on flammable surfaces. 


Ease of Setup/Construction: A/C 
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DIFFERENTIAL EXPANSION H-114 
Expansion - Linear or Area Ball and Ring 


DEMONSTRATION 

Metal ball and ring, each mounted on 
handle, are constructed so that ball will 
barely pass thru ring at room temperature. 
Ball will not pass when heated but will 
pass if both ball and ring are heated. 


APPLICATION is machinist technique of 
shrink fitting in which pre-heated outer 
part, which has been expanded, is placed 
over a pre-cooled inner part, which has 
contracted. As equilibrium is reached 
parts can become too tight to dislodge. 
Requires some experience and/or 
calculation to determine initial 
dimensions at room temperature. 


WHY does heating joint in badly rusted car 
exhaust pipe aid in disassembly? 


A=A,(1+7Y AT) where Tis temperature coefficient of area expansion and AT 
is temperature change. Differential expansion involves the difference of 
two expanding areas, or diameters, so: 


AD,=D, x, AT and AD,=D, X, AT or AD,- AD,=Dy (o( ,-,) AT, i.e., 


it is proportional to the difference of two coefficients. Good exercise 
in calculus is to prove ř=2%. 


* ai S A F E T Y N OTE ji + 
USE CARE with open flame. Do not place hot metal on flammable materials. 


Ease of Setup/Construction: A/B 
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DIFFERENTIAL EXPANSION H-122 


Expansion - Shape 


RELATED REFERENCES 


Change Jumping Disks 


DEMONSTRATION 

Paper-thin bimetallic disks are available 
commercially (Edmund Scientific). Heated 
dome-shaped disk may be depressed to stable 
position which becomes unstable upon cooling. Jumps 
up to 1.5 m. 


Lower pair in photo are halves of small hollow 
rubber ball. Turn the hollow hemisphere "inside 
out" and place on table. Shortly, these snap back 
to hemispherical and jump off table. Example of 
shape change similar to disks above but not due to 
heat. 


TPT 26, 308 (1988) - Behavior may differ if concave side is up prior to jumping, 
rather than convex side. 


Ease of Setup/Construction: A/B 
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HEAT TRANSFER METHODS H-140 
Conduction Rods in Steam - Conductometer 


DEMONSTRATION 

Commercially available apparatus consists of rods of copper, aluminun, 
brass, steel and lead whose ends extend into chamber at base. Metal 
thumbtacks are stuck near top with paraffin or Tackiwax . Heat is 
conducted along rods when steam from boiler is forced thru base 
chamber. Paraffin will melt causing tack to fall. Can compare 
conductivities by order in which tacks fall. Base temperature will be 
reasonably constant if steam is generated in good volume. 


CONDUCTOMETER can be made cheaply using brass central disk fitted with 
spokes made of rods of other metals - Cu, Fe, Pb, Al, etc. For fair 
comparison, all rods should be same diameter. Tacks affixed with 
paraffin as above can be used as detectors. 


IDEA - Into 4 or 5-hole stopper insert 1/4" tubes of brass, Cu, Al, 
Fe, etc. Have tubes of same length and wall thickness so as to have 
same area of cross section. Place stopper into bottle of hot water and 
sample temperature of upper ends periodically with finger to 
qualitatively assess conductivity. 


DISCUSS why tile floor feels colder than wooden floor even when both 
materials are at same temperature. 


One Dimensional Heat Flow: mernin “hema 
Heat "Power", Energy per unit time (dQ/dt), or AQ/ At = kA(T,, - To)/L 
where k is the coeff. of thermal conductivity and A is the area of the 


cross section. 
RELATED REFERENCES 


AJP 58, 90 (1990) - Conduction of glass at high temperature shown by heating glass 
strip with burner. 120 VAC across strip with 200W bulb in series to detect 
conduction current. 


* * SAFETY NOTE ji i 
Be sure steam outlet is safely inserted in a tall beaker at a lower level than the 
base chamber so hot water does not get trapped resulting in spurting of scalding 
water. 


Ease of Setup/Construction: B/C 
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HEAT TRANSFER METHODS H-144 
Conduction Air and Water-Filled Balloons 


DEMONSTRATION 

Select two similar balloons (about 15 cm 
size). Fill one to about 10 cm dia. with 
water, other with air. Lighted match 
brought within several cm underneath 
air-filled balloon causes rupture but not 
water-filled balloon. Illustrates 
combination of conduction thru rubber, 
convection and high heat capacity of water. 
Water conducts heat away from balloon 
before it can reach temperature sufficient 
to rupture. Can actually allow flames to 
touch, and blacken, water-filled balloon. 
This demonstrates how cool water forces 
small temperature drop across rubber 
membrane. 


RELATED REFERENCES 


AJP 55, 272 (1987) - Upper level experiment measures conductivity of liquids using 
hot-wire transient techniques. 
TPT 27, 166 (1989) - Discussion of walking on hot coals. Dick & Rae discourage doing 
the demo but explanation may have merit. 

id i SAFETY NOTE ” . 


Dispose of used matches safely, not in basket full of paper! 
Ease of Setup/Construction: A/A 
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HEAT TRANSFER METHODS H-160 
Convection Liquid in Loop - Candle in Box 


hese emp ies 
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DEMONSTRATION 

Warmed water rises in water-filled tube when 
heat applied under one vertical side. Add ink 
or food coloring to make convection currents 
visible. After convection begins in one 
direction, reversal can be achieved by quickly 
switching heat to other side of loop. Use TV 
for large class if necessary. 


CONSTRUCT by making closed loop of glass with 
an opening at top or use glass segments 
connected by tubing. Support with clamp in 
vertical plane. 


CHIMNEY BOX allows candle to be placed beneath 
one chimney, which provides updraft. Smoke 
paper in box provides smoke to circulate. 
Close off other chimney with hand to show 
convection is inhibited. 


Convection dQ/dAT =h A AT where h is 
convection coeff. depending on geometry, 
orientation and surface, A is area of 
convecting surface and AT is temperature 
diff. between surface and convecting fluid. 


DISCUSS construction of home fireplaces - wind 
shelf, ratio of opening to flue dia., damper, 
and effect of increasing chimney height. 


EXPERIMENT given in TPT 28, 420 (1990) 
measures heat produced by candle inside 
styrofoam cooler with exhaust and intake fans. 
Excellent combination of conduction and 


convection. 
RELATED REFERENCES 
TPT 26, 468 (1988) - Paper turbine will respond to temperature-induced convection 
currents rising from warm hands. 
TPT 26, 572 (1988) - Demo using ice water container lowered into jar of hot colored 
water. 
TPT 27, 7 (1989) - Home fireplace efficiency and chimney fires. 


Ease of Setup/Construction: A/C 
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HEAT TRANSFER METHODS H-180 
Radiation Absorption by Painted Surfaces 


DEMONSTRATION 

Place black/white side of card toward 
infrared lamp and wax with dotted side 
toward audience. Wax on side having black 
toward lamp melts first showing greater 
absorption of radiation by black areas of 
card. 


DISCUSS application to color of house roof 
or automobile. 


PREPARE by spraying half piece of white 
poster board with flat black paint. Turn 
over and drop molten wax from colored candle 
to form varied pattern of many dots. 


ALTERNATE is to paint two identical and 
solid Al balls, one black and other white. 
Place on block of ice and illuminate from 
above with infrared lamp. Each sinks into 
ice at different rate. From TPT 26, 536 
(1988). 


Radiative Transfer: 
Heat "Power", Energy per unit time (dQ/dt), or AO/At = G@eA(T,,*-T,*) 
where © is the radiation coeff., e is the emissivity (0<e<1) and A is the 
area of the hot surface of temp. Ty in surroundings of temp. Te: 
NOTE this is difference of 4th powers, NOT 4th power of difference. 
Because difference of two 4th powers can be factored, Newton’s Law of 
Cooling, for small temp. differences, comes from above: 


Tyt-Tot = (Th? +762) (THy2-Te) = (Ty? +T’) (TH+ Te) (THT) 
if Tu= Te: Tute" = 2T2(2T)4T = 4T°( ST), or AO/&t proportional to AT. 


RELATED REFERENCES 

TPT 27, 179 (1989) - Experiment on absorption of roofing shingles and metal plates 
of various colors. 

AJP 58, 244 (1990) - Shiny can cools more slowly but can painted black cools at same 
rate as white can. Key is that good VISIBLE reflector can be poor INFRARED emitter. 
AJP 60, 251 (1992) - "Planck’s Constant Determination from Black-body Radiation" - 
Ratio of h/k suitable for high school lab with results good to 2%. 


Ease of Setup/Construction: A/B 
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HEAT TRANSFER METHODS H-188 
Radiation Radiometer and Solar Cube 


DEMONSTRATION 

Four vanes mounted on pivot each have 
one black side, one white side. Higher 
absorption of black surface when 
radiation strikes it causes air near 
that side to be at higher T. Greater 
momentum exchange with hi-temp air 
Causes vanes to rotate. Direction of 
rotation and explanation differs 
depending on degree to which bulb 
evacuated. 


TPT 6, 358 (1968) describes what are NOT 
causes, i.e., radiation pressure and 
overall increase of gas pressure against 
warmer surfaces. Rather, due to forces 
exerted by residual gases along EDGES of 
vanes where there is greater vigor of 
collisions on hot edge which is not 
fully compensated by reduced rate of 
collisions at edge. 


IDEA - Reverse direction by placing 
radiometer in freezer, then remove after 
10 min. Alternately place in oven and in 
vacuum flask of liquid nitrogen per AJP 
53, 1105 (1985). Use flashlight to run 
backward per AJP 54, 490 (1986). 


SOLAR CUBE available commercially has 
photovoltaic cells to drive DC toy 
motor. Radiation from 100W lamp or 
placing in field of overhead is 
sufficient. Also responds to pulse from 
camera photoflash. TPT 27, 534 (1989) 
has brushless motor driven by solar cell 
to attain 10 rev/s. Detailed parts list 
is included. 


RELATED REFERENCES 


TPT 24, 488 (1986) - Student lab examining EMF vs. internal resistance of solar 
cell. Related article in TPT 24, 492 (1986). 
TPT 26, 266 (1988) - "Solar Radiation and the Earth’s Atmosphere" 


TPT 28, 156 (1990) - Animals in hot climates adapt by shielding from hot bodies and 
exposure to cooler bodies. Other applications and 15 references. 


Fase of Setup/Construction: A/C 
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FIRST LAW OF THERMODYNAMICS H-210 


Heat Capacity 


RELATED REFERENCES 


Metal Spheres in Paraffin 


DEMONSTRATION 

Melt block paraffin in small pan and allow to 
solidify. Then warm bottom of pan and remove 
the paraffin disk. Thickness of 5-7 mm works 
well. Next place steel, aluminum, and lead 
balls of same diameter on holder shown (or on 
strings) in water and bring to boil. 

Transfer balls quickly and drop onto top of 
paraffin disk perched on ring stand. Ball 
with largest heat capacity (= mass x specific 
heat) will melt through paraffin and fall to 
table first. 


ALTERNATIVE uses microwave at fixed power 
setting to heat water in styrofoam cup. 
Temperature rise inversely proportional to 
mass of water. From AJP 57, 51 (1989). 


DISCUSS water equivalents. 
Ag=mc AT - NOTE that "delta" (A) implies 


change in temperature, for which a quantity 
(delta, A) of heat is added(+) or removed(-). 


TPT 31, 52 (1993) - Heat changes during freezing of foods. Enthalpy (internal energy 
+ PV) changes using calorimeter in freezer. 


Ease of Setup/Construction: B/C 


04--93 
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FIRST LAW OF THERMODYNAMICS H-220 
Phase Change - Sublimation Make Dry Ice 


DEMONSTRATION 

Illustrate rapid cooling of gas upon 
expansion by making dry ice with 
carbon dioxide fire extinguisher. 
Dry ice collects on several layers 
of cloth held over end of nozzle. 


DISCUSS operation of refrigerators 
and air conditioners. 


APPLICATION is throttling valve on 
auto air conditioner which changes 
pressure of Freon-12 (soon to be 
replaced) from over 200 psi to about 
38 psi. Resulting expansion produces 
about 38 degF. (This was design 
property of Freon to have pressure 
in psi approximate temperature in 
degF.) In some models "Max Cool" is 
achieved by vacuum diaphram 
adjusting throttling valve down by 
another 10 Fdeg. On very humid days 
this can lead to freeze up on 
refrigerated coil. 


FOR WATER 


ao a Critical 
point 


scales 
non-linear 273.16 T,K 


i i SAFETY NOTE i * 
Dry ice can cause freeze "burns” on human skin. Keep bare hands clear of blast of 
gas and USE CARE with ice produced. 


Ease of Setup/Construction: B/A 
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FIRST LAW OF THERMODYNAMICS H-230 
Phase Change - Condensation Saucer Rain - Produce LNG 


DEMONSTRATION 

Put cup of water in glass pot of coffee maker 
and heat slowly. When water is warm, place 
saucer of ice cubes on top. As water below 
continues to heat, condensation collects on 
underside of cool ice-filled saucer. "Rain" 
follows. 


DISCUSS how natural rain is formed, including 
need for ions or dust particles as "nucleii" and 
role of AgI in cloud seeding. See cloud 
formation in jug, H-360. 


LIQUID NATURAL GAS can be made by feeding gas 
through glass tube to bottom of test tube partly 
immersed in liquid nitrogen. Collect FEW ml of 
liquid, then remove from coolant. Light end of 
test tube with match to show vaporization. Can 
pour flaming vapor and liquid onto non-flammable 
floor or into large beaker. 


COLLECT ONLY 2-3 ml because large amounts are 
DANGEROUS. Discuss safety measures with students 
and do not allow them to do such demos without 
proper supervision. 


ig * SAFETY NOTE ” % 
Natural gas can be DANGEROUS. Do this demo only with proper precautions including 
goggles and gloves and away from flammable materials. Have fire extinguisher handy. 


Ease of Setup/Construction: B/B 
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FIRST LAW OF THERMODYNAMICS H-240 
Phase Change - Evaporation Drinking Bird 


3 = oe 
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DEMONSTRATION 

Commercially available in novelty stores, this bird is made by blowing 
glass tube in shape of bird and adding main bulb to posterior. Bird is 
filled with liquid of high vapor pressure. Bill and head are covered 
with fuzz to give large area of evaporation. When head is wet, 
evaporation cools interior, lowering vapor pressure, drawing liquid 
into head. This shifts center of gravity toward head and tips it into 
beaker of water where fuzz again becomes wet. In this position fluid 
flows back into main bulb and bird rights itself again. Process is 
repeated as long as water in beaker. 


RELATED REFERENCES 

J.Coll.Sci.Teach., Sept 1978, p.18-28 - Extensive sketch of uses of bird in class 
and lab including considerable theory for various applications. 

TPT 31, 126 (1993) - P-T diagrams for 5 potential internal fluids plus 1946 patent 
diagram for operational details. 


Ease of Setup/Construction: A/C 
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FIRST LAW OF THERMODYNAMICS H-244 
Phase Change - Evaporation Vapor Pressure - Volatility 


DEMONSTRATION 

Pour about 1/2 ml methanol into bottle. Place 
stopper into bottle. Stopper has tube connected to 
open tube manometer. Change of pressure equivalent 
to 20-40 cm on water manometer easily obtained as 
methanol evaporates raising vapor pressure. Too much 
methanol will expel water from manometer. 


RELATED REFERENCES 
TPT 27, 59 (1989) - Equation and computer program for calculation of wind chill 
factor. 


Ease of Setup/Construction: B/C 
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FIRST LAW OF THERMODYNAMICS H-260 


Phase Change - Vaporization Boiling at Reduced Pressure 
fy DEMONSTRATION 
B, _ Without boiling, heat several hundred ml water 
in flask, insert moistened stopper, and invert 
on ring stand. Application of wet towels topped 
with crushed ice on inverted bottom lowers 
pressure to induce boiling. SPECIAL FLASK with 
. indentation for ice available commercially. 

| APPLICATION is eggs cannot be hard boiled on 

Pike’s Peak because reduced atmos press lowers 


temp attainable. Pressure cookers cook food 
faster because they attain higher temp. Auto 
cooling systems under 10-20 psi raise operating 
temp and efficiency while preventing boiling. 


QUESTION - What would happen if water heater 
thermostat allowed tank to reach 105 degC at 
street pressure of 40 psi and bursting pipe 
allowed pressure to drop suddenly to zero? 
ANS. 50 gal hot water suddenly becomes 84,000 
gal steam. Water tanks can become rocket 
missles! 


On P-T sketch below note names of intersecting 
curves and regions. 


FOR WATER 


P,atm 


Se ne re Critical 
point 


scales 


non-linear 273.16 T,K 
RELATED REFERENCES 
TPT 24, 290 (1986) - Theory for pressure-temperature equation and application to 
height of mountains. 
TPT 26, 19 (1988) - Experiments using large disposable hypodermic syringe - Boiling, 
gas laws and other topics. 
i a SAFETY NOTE 


USE CARE when cooling. Occasionally Dick & Rae have had flask implode, probably due 
to thermal stress in rapid cooling. 


Ease of Setup/Construction: B/A 


DICK and RAE Physics Demo Notebook 


02--93 Copyright 1993 by DICK and RAE, Inc. 


FIRST LAW OF THERMODYNAMICS H-264 
Phase Change - Vaporization Pop Corn and Geyser Simulator 


DEMONSTRATION 

Place 8-10 corn kernels in Saran bag or oven bag 
for roasting fowl and locate about 5 cm from 
each of two 250W heat lamps. Heat converts 
moisture to steam which "pops" kernel, turning 
it inside out. Add butter and serve! 


DISCUSS why bag itself does not get hot. 


CONSTRUCT using glass rods about 7 mm dia as 
support for corn midway between lamps. One 250W 
lamp does not provide sufficient heat. 


GEYSER produced by placing Pyrex funnel 
mouth-down in beaker or saucepan of water so 
straight tube of funnel sticks above water 
level. Rest lower edge of funnel on coin so 
water can get underneath. Place pan over burner 
and watch as water begins to boil. Bubbles form 
first under funnel, rise and expand rapidly 
pushing water ahead of them. Illustrates 
principle of percolator and natural geyser. 


RELATED REFERENCES 


TPT 29, 230 (1991) - "The Physics of Popping Corn" - 6 pgs of theory, data, 
efficiency and comparison of conventional vs microwave heating. 
AJP 59, 628 (1991) - "Why Does Heating Water in a Kettle Produce Sound?" - Coupling 
between bubble generation/collapse and acoustic modes of vessel. 

i SAFETY N O TE * * 


Geyser is boiling water. Wear goggles and gloves. USE CARE. 


Ease of Setup/Construction: A/B 
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FIRST LAW OF THERMODYNAMICS H-280 
Triple Point - Water Vapor - Liquid - Ice 


FOR WATER 


P,atm 


scales . 
non-linear 273.16 T,K 


DEMONSTRATION 

Place few ml water in shallow watch glass inside transparent chamber 
connected to vacuum pump. In adjacent container place several ml 
concentrated sulfuric acid. (This acts as hygroscopic agent to absorb 
water vapor more rapidly than pump can remove it.) Boiling and 
freezing should be visible simultaneuosly when pressure reduces to 
about 0.0006 atm. Temperature is then ~0.0075 degC. 


RELATED REFERENCES 


TPT 24, 348 (1986) - Upper level discussion of p-T diagram and Clausius-Clapeyron 
equation. 


ý 2 S A F E T Y N OTE i i 
Use care with concentrated acids. Beware of spilling or sudden contact with water. 
Readmit air slowly so as not to scatter acid. 


Ease of Setup/Construction: C/B 
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FIRST LAW OF THERMODYNAMICS H-304 
Regelation Wire on Ice Block-Plastic Flow 


DEMONSTRATION 

Support block of ice so that wire carrying about 4 kg on each end can 
pass over top. Wire will pass thru block without cutting it in two. 
Use smallest diameter wire (#22) which will support masses on ends. 
Different cutting rates of Cu and Fe wire show dependence upon heat 
transfer between top and bottom of wire. 


ALTERNATE is to squeeze two ice cubes between fingers for a few 
seconds. Upon release you will find them frozen together. DISCUSS how 
to make HARD snowballs. 


PLASTIC FLOW of ice is demonstrated by filling cylinder with crushed 
ice and applying pressure to piston with large C-clamp. Ice will be 
extruded from hole because of plastic flow under high pressure. Remove 
piston and warm cylinder with hands to remove solid ice chunk. Smaller 
C-clamp may be used if piston size is reduced. 


CONSTRUCT brass cylinder 15-20 mm ID and 7-8 cm long with loosely 
fitting cylindrical brass piston. Braze disk over one end and drill 3 
mm dia hole in side near that end to permit extrusion of ice. 


RELATED REFERENCES 

TPT 27, 327 (1989) - "Does Skating Melt Ice?". 

Science 187, 505 (1975) - Excellent article by Weisskopf on why mountains are not 
higher and other applications of fundamental concepts. 


Ease of Setup/Construction: B/A 
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FIRST LAW OF THERMODYNAMICS H-320 
PVT Surfaces Three Dimensional Model 


DEMONSTRATION 
F Three dimensional model commercially available 
j showing various states of a real gas, frequently 
water. 


ALTERNATE for 3-D visualization is to form surface 
using small balls or red lights atop matrix of 
vertical rods of varying lengths. From TPT 26, 398 
(1988). 


DISCUSS p-T plane and three states separated by 
curves for boiling, freezing, and sublimation, 
meeting at triple point. Boiling curve terminates 
at critical point. For water, mention uniqueness 
of freezing curve (negative slope) resulting in 
lowering of freezing point with increase of 
applied pressure. 


FOR WATER 


P, atm 


Car a a ean Critical 


point 
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scales 

non-linear 273.16 T,K 
RELATED REFERENCES 
TPT 26, 398 (1988) - "Visualization of Ideal Gas Equation" - 3-D model uses rods 
topped with balls or red lights. 
TPT 27, 327 (1989) - Discussion of melting of ice beneath ice skates. 


Ease of Setup/Construction: A/C 
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FIRST LAW OF THERMODYNAMICS H-340 
Heat and Work Rubber Band - Stretch & Engine 


DEMONSTRATION 

Touch rubber band to upper lip and stretch it vigorously. Should feel 
warmth. Remove band from lip, stretch it in air and hold for temp to 
reach equilibrium with air. Return stretched band to lip and THEN 
release. Should now sense COOLING. Shows that work done in stretching 
band is converted into heat and the reverse. 


DISCUSS application to First Law. 


RUBBER BAND ENGINE - Support wheel on horizontal axle and balance as 
perfectly as possible by applying dabs of putty or Play Dough as 
needed to outside of rim. Then apply heat to one side of wheel 
causing rubber to CONTRACT and shifting center of gravity. Wheel 
begins to rotate and brings unheated bands into field of heat lamp so 
that rotation becomes continuous as heated shorter spokes move out of 
irradiated region and are replaced by cooler ones. Speed can be 
enhanced by placing reflector on opposite side of spokes from heat 
lamp. ADVISABLE to remove bands for longer term storage. 


CONSTRUCT hub and rim from acrylic. Rim about 50 cm dia and hub about 
10 cm dia of 1/2" thickness. Spokes are identical rubber bands hooked 
over music wire hooks attached to rim and hub. Hub has ball bearing at 
center for very low friction. 


ALTERNATE is to use rim and axle from bicycle wheel with good 
bearings. 


RELATED REFERENCES 
AJP 55, 746 (1987) - Theory on elasticity of rubber. 


Ease of Setup/Construction: B/C 
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FIRST LAW OF THERMODYNAMICS H-360 
Adiabatic Cooling & Heating Cloud in Jug - Pump Up Tire 


DEMONSTRATION 

ADIABATIC COOLING - Add few ml water to jug, pressurize with mouth and 
then remove mouth quickly. Some fog droplets may form as pressure 
suddenly reduces. Next use candle or match flame under mouth of 
inverted jug to add IONS to interior. (Smoke could also be used but it 
is easily confused with fog itself.) Repeat pressurization to show 
greatly increased fogging. More visible if done in field of overhead. 


ALTERNATE is to attach bike pump to tube which passes thru stopper 
placed in mouth of 5-10-liter jug. Hold stopper in place while 
pressurizing jug. Allow stopper to pop out to form fog suddenly. 
Remember to show both BEFORE and AFTER ions are added for best effect. 


DISCUSS application to Wilson cloud chamber, smog, etc. 


ADIABATIC HEATING - Use light bicycle pump with metal case to inflate 
tire or football. Rapid rise in metal case temperature is due more to 
compression work converted to heat than to piston friction. This is 
partly confirmed by comparing case temperature after, say, 20 strokes 
in 30 sec vs. 20 strokes in 60 sec. 


Ideal Gases 
Equation of State - pV=nRT 
Reversible Adiabatic Processes - p v = constant 
TVÝ1 = constant T p1 = constant 
where Y= C,/C, = 1.4 for diatomic gases (air) 


RELATED REFERENCES 
TPT 25, 450 (1987) - Cloud chamber made from squeeze bulb and flask. Another made 
from test tube pressurized by connection to water faucet. 


Ease of Setup/Construction: A/C 


DICK and RAE Physics Demo Notebook 


04--93 Copyright 1993 by DICK and RAE, Inc. 


FIRST LAW OF THERMODYNAMICS H-374 
Thermo-electric Effect 


Thermocouple Magnet - Seebeck 


DEMONSTRATION 

Commercially available double junction 
copper-iron thermocouple produces Seebeck 
EMF sufficient to sustain large current ina 
single turn of large cross section around 
ferromagnetic core. One junction heated by 
burner while circulating water or plate in 
ice water cools other junction. Will easily 
support 15-20 kg. 


Thermoelectric effects includes Peltier, 
Seebeck and Thomson effects. Peltier EMF = 
Heat absorbed or liberated per unit charge 
crossing junction of dissimilar metals 
(depends on direction of I). Simultaneously, 
when a current is maintained in wire of 
non-uniform temp, heat is liberated or 
absorbed at all points of wire. This is the 
Thompson effect. Seebeck found that if two 
junctions are maintained at different temp, 
EMF is produced. Ref Sears & Zemansky 
"University Physics", 3rd Ed. p.640-2, 
Addison-Wesley (1964). See plot in H-014. 


IDEA - Make identical Cu-Fe juntion couples 
and connect iron wires together. Insert each 
couple in its own vacuum bottle ("Thermos") , 
each with same amount of water and 
thermometer. Connect power supply with 
ammeter to two Cu ends and pass several 
hundred mA thru 2 junctions in series. After 
10 minutes, see if the two temperatures are 
same. Illustrates Peltier effect as in 
thermoelectric refrigerator consisting of 
numerous junctions in series. 


Ease of Setup/Construction: B/C 
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ENERGY CONVERSION H-395 
Heat to Chemical Energy Liquid Crystal - Hammer Blow 
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DEMONSTRATION 

Subject wooden block to series of sharp blows with hammer. Immediately 
place over area struck piece of temperature sensitive liquid crystal. 

Hold crystal TIGHTLY in contact with surface about 10 sec and remove. 

Crystal should be discolored from heat transferred. Some crystal sheet 
has foam backing which helps prevent heat from hand being transmitted 

thru to crystal on front. 


RELATED REFERENCES 


TPT 28, 570 (1990) - "How Things Work" - Liquid crystal sense heating of conducting 
film in Duracell’s "Copper Top" tester. 


Ease of Setup/Construction: A/B 
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ENERGY CONVERSION H-400 
Chemical to Heat Energy Alcohol & Towel 


DEMONSTRATION 

Prepare solution of half 
water and half rubbing 
alcohol (isopropyl) 
sufficient to saturate a 
paper towel. Hang towel 
horizontally over support 
rod on non-flammable lab 
table and put lighted match 
to towel. Alcohol on towel 
should burn away without 
igniting towel. Discuss heat 
transfer by convection and 
radiation to air, . 
vaporization of water in 
mixture, and high heat 
capacity of water with low 
heat of combustion of 
alcohol. Latter two effects 
are more Significant ones. 


RELATED REFERENCES 
TPT 28, 599 (1990) - "The Physics of Firefighting" - Heat of vaporization and fine 
droplets important. Volume ratio of 1671 for vapor/liquid produces oxygen 

displacement. 


%, 


i i SAFETY N OTE ” j 
BE PREPARED to snuff out burning paper if necessary. DO NOT DEMONSTRATE over 
CLOTH-covered table. 


Ease of Setup/Construction: B/A 
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ENERGY CONVERSION H-405 
Work to Heat Energy Shot Shaker - Lead and Pennies 


DEMONSTRATION 

Use cardboard mailing tube with plugs for both ends. Load few hundred 
gms lead shot in tube. Crack stopper slightly to admit thermometer to 
measure temperature. Remove thermometer, replace stopper and invert 
tube several hundred times. Remeasure temperature. 


ALTERNATIVE uses 20-30 pennies enclosed by two styrofoam cups taped 
mouth-to-mouth. Hole in bottom of one allows thermometer to be 
inserted without disassembly. From TPT 25, 456 (1987). 


Work = Nmg Zh = 4Q = mc fT so AT = Ng Ah/c using c of 4186 J per 
kg-Cdeg and work in SI units. 


DISCUSS precision of measurement. Will result be same on moon or not 
and WHY? 


RELATED REFERENCES 


AJP 54, 474 (1986) - "Mechanical Equivalent of Heat: Electrical Method by 
Vaporization of Liquid Nitrogen". 

TPT 25, 97 (1987) - Measure mechanical equivalent using rotating cylinder of shot. 
TPT 30, 372 (1992) - Improved version uses steel shot in PVC pipe with glued end cap 


and expandable rubber plug. 


Ease of Setup/Construction: B/B 
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KINETIC THEORY 
Molecular Motion 


RELATED REFERENCES 


H-440 
Simulator - Ball Vibrator 


DEMONSTRATION 

Commercially available small 
adjustable-speed motor vibrates a 
four-sided frame mounted over a glass 
plate. When mounted on overhead 
projector, plastic or metal balls 
simulate molecular motion. May be 
used to illustrate concepts of 
pressure, temperature, diffusion, 
Brownian motion, etc. 


KE = V3/2 kT per molecule where 

k = Boltzmann constant. 
Alternatively, KE = V3/2 RT per mole 
where R = ideal gas constant. 


AJP 56, 466 (1988) - "Determination of Avogadro's Number (An Experiment)" - Uses 
measurement of Bragg angle of X-rays. 


Ease of Setup/Construction: 


B/C 
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KINETIC THEORY H-450 
Avogadro’s Number Gram Molecular Volume Box 


DEMONSTRATION 

Have students select box from grocery 
store with proper approx dimensions for 
22.4 liter volume and place on different 
faces various other pieces of data 
associated with 1 gram-molecular volume. 
Also commercially available. 


Avogadro’s Number = No = 6.02 x 1076 
molecules in LARGE mole, i.e., 32 kg 
oxygen. Watch out for confusion of 
"gm-mole" and "kilomole". 


RELATED REFERENCES 
TPT 26, 98 (1988) - "One Mole of Dollars" - Application of exponentials by Bartlett. 


Ease of Setup/Construction: A/A 
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SECOND LAW OF THERMODYNAMICS H-500 
Perpetual Motion Palm Glass Oscillator 


DEMONSTRATION 

Heat lamp vaporizes liquid in one bulb 
forcing liquid into other and shifting center 
of mass. As heavy end rotates downward to 
stop, heat lamp is pulled over to direct heat 
to it and process repeats. Oscillates with 
period about 20 sec. 


CONSTRUCT using large palm glass oscillator 
filled with volatile liquid and mounted to 
pivot on horizontal axis. Use combination of 
rods and crossed cords to cause heat lamp to 
switch from one palm glass to other as liquid 
moves from one glass to other because of 
heating effect. 


Historical Note: 

U.S. Patent Office has granted numerous 
patents for perpetual motion machines based 
on applications with complete detailed 
drawings. Some years ago, patent office began 
requiring working models of such devices 
before patent would be granted. Result: no 
patents granted since that time. --Author 
Unknown 


Ease of Setup/Construction: B/C 
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BULK MOTION W-005 
Transmission of Energy Air Cannon 


Yebber hasn 


Pyuneeze buly 


DEMONSTRATION 

Pull knob back to fill cannon with air and fire at students. Aim some 
shots at students with loose hair. Next use incense or smoke 
generator to fill box with smoke to make large smoke ring. Aim at 
overhead light for best visibility. 


NOT AN EXAMPLE OF WAVE PULSE since it obviously involves mass motion 
of molecules. 


CONSTRUCT of cardboard box about 30-45 cm on a side (one square face 
is helpful). Cut circular hole in the square or nearly square side. 
Use hole diameter no more than half of box width. Cut off opposite end 
of box and loosely cover with flexible sheet of heavy plastic. Thru 
center of sheet insert screw eye from inner side into drawer pull knob 
on other side of plastic. Attach rubber bands from screw eye to either 


side of circular opening. Tape plastic sheet around open end of box 
to produce flexible diaphragm. 


SMOKE GENERATORS - Incense or bee smoker as in TPT 28, 420 (1990). 


Photo above shows cigarette in coffee or mayo jar with squeeze bulb 
from atomizer. 


RELATED REFERENCES 


TPT 26, 516 (1988) - "A Thanksgiving Turkey Shoot - Physics Style" uses cannon 
above. 


" ™ SAFETY NOTE + * 
Do not blow smoke rings toward people. If in small room, blow only a couple rings to 
avoid offending non-smokers. 


Ease of Setup/Construction: A/B 
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WAVE PULSES W-010 
Transmission of Energy Dominoes and Heavy Rope 


DEMONSTRATION 

Illustrate energy transfer mechanism using long row of dominoes 
stacked on edge such that tipping one domino at end causes others to 
fall in succession. Contrast with Acoustic Cannon in W-005, which 
involves mass motion of molecules rather than pass-it-on. 


USE heavy rope which is CONTINUOUS medium. With two hands whip sharply 
one end of heavy rope (2 cm dia) held by student at other end. Almost 
impossible for student to hold end fixed. 


Proof that wave is a local disturbance is shown in TPT 28, 204 (1990) 
by lack of dispersion when drop of food coloring is placed in ripple 
tank. 


DISCUSS transfer of energy by pulses (quanta ?) and continuously. In 
mathematics, the calculus is needed to treat the continuun. 


Velocity for transverse waves in elastic medium: 


v = Velastic factor / mass factor = Vy 1R. 


where Y = Young’s Modulus and hag linear density 


RELATED REFERENCES 

TPT 29, 185 (1991) - $10 wave demonstrator uses index cards, with magnet glued to 
each, hung on rod and separated by drinking straw segments. Good as make-and-take 
item. 


Ease of Setup/Construction: A/A 
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WAVE PULSES W-015 
Transmission of Energy Bell in Vacuum 


DEMONSTRATION 

Buzzer or small bell with clapper cannot be 
heard if placed inside an evacuated chamber 
using suspension that does not conduct sound. 
Preferable to use transparent chamber on 
overhead so class can see clapper motion. 
Shows sound is mechanical wave requiring 
medium for transmission. 


ALTERNATE to motor-driven, and expensive, 
vacuum pump is newer, improved version of 
hand-operated pump available commercially. 


RELATED REFERENCES 
TPT 25, 523 (1987) - "Simple Vacuum Experiments" includes cheaper version of above. 
TPT 27, 332 (1989) =- Historical article on this old demo. 


Ease of Setup/Construction: B/C 
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WAVE PULSES W-020 
Transmission of Energy Tin Can Phone-Coat Hanger Amp. 


DEMONSTRATION 

Stretch string between bottoms of two tin cans (fastened with big knot 
inside or looped over small nail) to show more efficient transmission 
of pulses and energy. If appropriate, do calculation to compare speed 
of transmission via string and air, using spring scale to measure 
tension. 


QUESTION: How long must string be to get comparison good to 10%? 


COAT HANGER is hung upside down by two strings looped over fingers. 
Place fingers in ears and swing hook of coat hanger to hit table. 
BOOM! BOOM! 


IDEA - For sound pickup in large class, hang string over electret mike 
mounted in rubber stopper. 


APPLICATION for air as medium - Franklin Institute (Philadelphia) has 
plastic drain pipe about 5 cm dia mounted around play yard fence with 
T-joint openings spaced so students can talk to one another. 


RELATED REFERENCES 
TPT 24, 428 (1986) - Smaller version of echo tube at Exploratorium (San Francisco) 
uses cardboard tubes available as pouring forms for concrete posts. 


Ease of Setup/Construction: A/A 
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WAVE PULSES W-025 
Transverse and Longitudinal Wave in Spring 


a 


DEMONSTRATION 

Use long helical spring (2cm dia) to show transverse and longitudinal 
pulses. Tie small colored strips of cloth to some coils or paint 
series of sections in three fluorescent colors to call attention to 
motion. Send pulse down spring to show velocity. Then tighten spring 
by using shortened length to show higher velocity. Set spring in 
transverse modes having 1, 2, 3, and more loops. Repeat for 
longitudinal standing waves. Difficult to get more than 2 loop pattern 
longitudinally. 


If strobe is available, use it to "stop" or "slow" motion for several 
modes. 


DISCUSS phase change upon reflection and equations for velocity of 
transverse and longitudinal waves. 


Velocity for transverse waves in elastic medium: 


v= VVelastic factor / mass factor = VY iA 


where Y = Young’s Modulus and i linear density 


RELATED REFERENCES 


TPT 27, 400 (1989) - Version to use on overhead has beaded chain, coat hanger and 
rubber band. 


Ease of Setup/Construction: A/C 
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WAVE PULSES W-030 
Pulse Velocity - Phase Change Wave Machine 


MATT 


. DEMONSTRATION 


Grasp end of one element and snap sharply sending wave down elements 
and reflecting back. Compare reflections at fixed and free ends. 
Connect short and long element sections and observe loss of energy at 


interface. Insert "impedance matching" section between and repeat for 
Camparison. 


DISCUSS phase change on reflection. 


Now commercially available, originally developed by Bell Telephone 
Laboratories, apparatus has three units. One has 3-4 doz elements 23 
cm long and 4 mm dia. connected at center by elastic wire spline. 
Second unit has elements 46 cm long with identical spline. Third, 
"impedance matching", unit to be placed between other two has elements 
of varying length. Doubling cross arm length quadruples inertia factor 
and reduces wave velocity. Video tape from older 16mm sound movie, 
Similarities in Wave Behavior, made by Bell Labs, is available showing 
more uses for this demo. 


RELATED REFERENCES 


` TPT 24, 172 (1986) - Hall demo uses wood strips clamped on rubber tubing. 
TPT 27, 54 (1989) =- Hall demo with 180 coils. 


Ease of Setup/Construction: A/C 
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WAVE PULSES 
Pulse Velocity 


W-035 
Time Resolution of Ear 


DEMONSTRATION . 
Have student hold funnels over ears while 
seated with back to table. Lay rest of hose 
flat on table. Send pulse to each ear by 
striking hose sharply with edge of ruler. 
Strike at varying points on either side of 
center and have student indicate which ear 
hears pulse first. Students can usually 


detect path differences of 8-10 cn, 


comparable to distance between ears. Minimum 
path difference detectable divided by speed 
of sound in air is time resolution of ear, 
about 0.1 ms. 


DISCUSS how relative time of arrival of 
sound at two ears tells us directions of 
sources. 


CONSTRUCT by attaching small plastic funnels 
to opposite ends of rubber hose about 1.5 m 
long. Mark center of hose with tape. 


Ease of Setup/Construction: A/A 


03--93 
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HARMONIC WAVES W-045 
Traveling Wave Rotating Slinky on Overhead 


DEMONSTRATION 

Use on overhead projector to show traveling waves when Slinky is 
rotated. Change direction of travel by reversing direction of 
rotation. Place tape flag on one turn to show point in medium does not 


move axially, only transversely. See also Slinky Simulator for 
standing waves, W-115. 


CONSTRUCT using 5-7 turns of Junior Slinky toy. Mount between screw 


eyes 20-25 cm apart so it can turn on horizontal axis. Good project 
for make-and-take session. 


RELATED REFERENCES 


TPT 28, 508 (1990) - "Transverse Wave Machine" - Produced in about 5 hours from 
simple materials. Similar to Kohl’s machine of 1900. 
TPT 28, 568 (1990) - "Harmonic Sliders" - 32 thin wooden sliders built in 4 hrs to 


duplicate 1802 model of Thomas Young for showing traveling waves. 


Ease of Setup/Construction: A/B 
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HARMONIC WAVES W-050 
Periodic Waves Siren Disk 


DEMONSTRATION 

Rotate disk with variable speed 
rotator and use jet of air directed 
at holes. Different musical tones 
are heard from different circles of 
regularly spaced holes but noise is 
heard from circle of randomly 
spaced holes. Harmonic sound waves 
are pleasing to ear. Place disk on 
overhead for large class to observe 
spacing. 


CONSTRUCT of disk about 25-35 cm 
dia. Drill holes equally spaced on 
about 4 concentric rings. Use 
random spacing on inner ring. Also 
commercially available. 


Ease of Setup/Construction: B/C 
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HARMONIC WAVES W-055 


Shape of Waves Hearing and Seeing Waves 


DEMONSTRATION 

To make wave shapes visible to students, use good oscilloscope, 
Several audio oscillators (20-20,000 Hz), high fidelity amplifier and 
microphone and 8-ohm speaker so waves can be heard as well. Have 
different students make vowel sounds into mike for comparison. Note to 
class that electrical waves from microphone SEEN on screen are 
transverse, while wases HEARD are longitudinal. Use TV for large 
class. See W-315 for detail on connecting oscillators. 


IMPEDANCE MATCHING may be important for special applications. Where 
low impedance sources are to be connected to high impedance scope 
inputs, use plate-to-voice coil transformer found on most older 
radios. This can increase thruput by an order of magnitude. Useful 
when speakers are used as microphones (as in intercoms) or when 
Signals from short wires or coils are to be connected to scope input. 


RELATED REFERENCES 


TPT 28, 337 (1990) - "Traveling Wave Pedagogy Using an Oscilloscope" - Procedure to 
show and measure velocity, frequency and wavelength plus SHM for "particle". 


Ease of Setup/Construction: B/C 
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OSCILLATIONS 
Optical Phase Analog 


SIMPLE T> j EYE 
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Ease of Setup/Construction: 


B/A 


W-060 
Puhlfrich Effect 


DEMONSTRATION 

Hang simple pendulum directly over 
small cylinder or other object to 
mark equilibrium position. Start 
pendulum swinging IN PLANE 
perpendicular to line of sight 
from eye. USE BOTH EYES but place 
thin sheet of plastic, such as 
transparency material, over one 
eye (colored material also works) . 
Staring usually gives illusion 
that pendulum has circular motion 
characteristic of SPHERICAL 
pendulum. 


Transferring plastic to other eye 
usually REVERSES direction of 
pendulum motion, for most people. 
Delay of light passing thru sheet 
introduces phase angle in signals 
from two eyes combined in brain. 
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SOUND WAVES W-075 
Superposition and Phase Fourier Synthesizer and Scope 


DEMONSTRATION 

Superpose two harmonic waves of same 
frequency whose phase difference and 
amplitude can be varied. Pasco 
synthesizer has two 500 Hz outputs, 
Sine or square, with phase switch and 
adjustable phasing plus harmonics up 
thru ninth. Show small 2nd harmonic 
added to fundamental as well as 3rd 
harmonic added to fundamental. Music 
students may wish to compare note from 
their instrument to these two shapes. 


Square waves are important elements of 
synthesized music. Square wave results 
from adding an infinite number of ODD 
harmonics as follows: 


y =A sin (wt) + A/3 sin (3@t) 
+ A/5 sin (5603t) + A/7 sin (7% t) 
+ A/9 sin (9a@t) +... 


As shown in photo, reasonably good 
approximation can be synthesized out of 
above 5 terms available on Pasco 
synthesizer. Square wave can also be 
excited in vibrating wire with violin 
bow as in W-310. 


Ease of Setup/Construction: B/C 
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SOUND WAVES W-080 
Wavelength in Air Two Speakers on Optical Bench 


DEMONSTRATION 

Mount two 10 cm dia. speakers on optical bench. Connect output of 
variable frequency audio oscillator to one speaker, which serves as 
transmitter, and to horizontal input of good scope. Connect other 
speaker, which serves as receiver, to vertical input of scope. 
Line-to-voice-coil transformers should be used on both speakers for 
good impedance match. Lissajous pattern formed on scope changes as 
distance between speakers is varied. Separation must be changed by one 
wavelength for pattern to repeat. Adjustment easiest for 0 and 180 
deg phase angles. Find velocity of sound in air from f (oscillator) 
and wavelength data (spkr. positions). 


NOTE: While adjusting speakers for desired phase pattern, show 
students effect of moving body or book up to bench from side thereby 
providing an added interference path. 


IMPORTANT NOTE on DATA TREATMENT - Assuming readings each half 
wavelength are A,B,C,D,E,F,G,H; prove to students that proper data 
treatment is A-E, B-F, C-G, D-H, each of which is 2 wavelengths, so 
that the 4 DIFFERENCES may be added and divided by 8 to yield 
wavelength. This uses ALL readings AS OPPOSED TO treatment using A-B, 
B-C, etc. which, when added to obtained avg for half wavelength, 
results in all intermediate readings canceling. This erroneous result 
effectively uses only end readings H-A and ignores the rest. Remember 
to get deviations and predict precision of result for v. Room 
temperature correction depends upon v proportional to square root of 
absolute temperature of room. 


RELATED REFERENCES 


TPT 24, 298 (1986) - "Acoustics Demonstration Tube" - Speaker at one end of tube and 
microphones at holes along tube wall. 


Ease of Setup/Construction: B/B 
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SOUND WAVES W-085 
Range of Human Hearing Oscillator and Oscilloscope 
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DEMONSTRATION 

Use one of two oscillators shown in W-055 connected via amplifier to 
Scope and speaker. Vary audio oscillator frequency from 20 to 20,000 
Hz while students listen to determine where their cutoff for hearing 
exists. Varying oscillator amplitude with scope connected convinces 
those who are not hearing that waves are being emitted. Use show of 
hands to get idea of number not hearing. Especially revealing for 
middle aged audiences who do not realize hearing degrades starting 
about age 25. Audiogram shown for Rae at age 59. Compare to one shown 
in W-090 for age 51. 


Ease of Setup/Construction: B/C 
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SOUND WAVES W-090 
Intensity Measurement Sound Level Meter 


Noise of Varying Level 
OSHA NOISE LIMITS 


Maximum Sound 
Level, dBA 


Mixed Exposure Level* must not exceed 
unity. 


Steady Level Noise 


Maximum Exposure 
hours 


Th 
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Ch 
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Exposure 
(Hours) 


90 — 92 


92—95 
95 — 97 
97 — 100 
100 — 102 
102 — 105 
105 — 110 


110—115 


B99 verrcsonmics 


Exposure to indicated sound limit must not 
exceed the given number of hours. 


DEMONSTRATION 

Have students in small groups move about campus measuring sounds on 
street corners, at band practice, in woodworking shop, etc. Explain 
differences in scales based on frequency distribution. (A scale is for 
human ear) If stereo available, increase volume until class says 
‘enough’, then take measurement. Accompany this with transparency of 
current OSHA standards. 


In decibels (dB), hearing threshold 0, library 40, busy traffic 70, 
subway 100, 60 m from jet 120, which is threshold of pain. Each 10 dB 
equals 1 Bel or one power of 10 change in intensity. Hence ear has 
range of 10 to 12th power! Audiogram shown for Rae at age 51. 


Meters commercially available in wide price range from Radio Shack to 


General Radio. NN 
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FREQUENCY IN HERTZ (Hz) 


RELATED REFERENCES 

TPT 26, 264 (1988) - 106 dB level measured by CBS crew at game. Interesting 
commentary on how sportscaster interprets readings. 

TPT 27, 644 (1989) - 120 dB in 1987 World Series. Players used ear plugs. 


Ease of Setup/Construction: A/B 
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SOUND WAVES W-095 


Demo Records Science of Sound - Bell Labs 


DEMONSTRATION 


Excellent two-record 33 1/3 rpm sound demonstration set produced by 
Bell Telephone Laboratories (1958) and later distributed by Folkways 
Records. Now owned by Smithsonian Institution and available from 
Rounder Records. "The Science of Sound" #FX 6007 (Lib.Congress Card 
No. R 60-95) and a shorter 1-record version #FX 6136. Cassette 
available from Smithsonian and from Frey Scientific. 


Includes frequency, pitch, vibration & resonance, intensity, loudness, 
noise measurement, masking, echo & reverberation, delay distortion, 
fundamentals & overtones, quality, subjective tones, music or noise, 
filtered speech and music, dissonance & consonance, music scales, 


vibrato & tremolo, and Doppler effect. An old series but excellently 
done on timeless topics. 


Ease of Setup/Construction: B/C 
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STANDING WAVES W-105 
Transverse - Nodal Pattern Hot Wire Driven with AC 


DEMONSTRATION 

Connect Variac to iron or steel wire 2-3 m long stretched by a hanging 
mass to reduce sagging. Place strong magnet about midway to produce 60 
Hz vibration. Adjust tension to produce resonance and raise voltage 
across ends until nodes grow red. Meter in photo reads 3.98 A. 
Antinodes remain cool because of vibration in air. 


Using piano wire in B-240, various placements of magnet will allow 
distinction between various harmonics in composite vibration. 


RELATED REFERENCES 


AJP 56, 1047 (1988) - Steel wire with magnet produces vibration in plane while 
phosphor bronze (paramagnetic) produces elliptical motion. 
™ ” SAFETY NOTE = * 


Variacs and similar auto transformers have one side of output connected to AC line. 
Therefore, depending on orientation of line cord when inserted, one end of output 

can be at full 120 VAC potential and can be extremely dangerous. DO NO USE around 
grounded sinks or E ia metal lab tables. REMEMBER metal tables can be grounded 


thru electrical conduit. 


Ease of Setup/Construction: B/C 
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STANDING WAVES W-115 
Transverse Slinky Simulator-Coiled Spring 


DEMONSTRATION 

Turning crank shows upper and 
lower waves traveling in opposite 
directions while center one is 
standing wave, or sum of upper and 
lower. Available commercially or 
construct as below. 


CONSTRUCT from two Slinky Junior 
and one full-size Slinky mounted 
as in W-045. Springs on top and 
bottom represent traveling waves; 
third, having twice dia, 
represents superposition of other 
two. All three are geared together 
to maintain nodes at same point. 


COILED SPRING, shown in W-025, can 
be set in resonance by hand to 
show standing waves in 
helical-wound spring (2 cm dia and 
4-6 m long) rigidly supported at 
one end. Stretch spring for best 
results at higher frequencies and 
to show increased velocity. Use 
strobe light to show "slow 
motion". Can also use rubber hose 
or elastic cord about 6 mm dia, 
which may be excited by eccentric 
attached to variable speed 
rotator. 


RELATED REFERENCES 


TPT 27, 400 (1989) - Version to use on overhead has coat hanger, beaded chain and 
rubber band. 


Ease of Setup/Construction: A/C 
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STANDING WAVES W-120 


Transverse Melde’s String - Sonometer 


DEMONSTRATION 

Use commercially available electromagnet as vibrator 
for strings of different mass/length. Hanging mass 
over pulley produces tension. Changing length or 
tension produces resonance. VERTICAL model, mounted on 
lecture table, described in AJP 58, 93 (1990). 


IDEA - Mass/length can be determined on analytical 
balance and weight/length from slope of tension vs. 
velocity squared curve. Do this for several strings 
from sewing thread to light wrapping cord and then 
plot above slope values vs values from analytical 
balance. Slope of this 2nd graph is "g", as shown 
below. 


SONOMETER, commercial model shown above, uses 
stretched steel or nylon guitar string between two 
fixed ends. Can also use old guitar to show effect on 
pitch of change in tension, length of string or mass 
per unit length. CONSTRUCT cheap model called 
"Monochord" shown in W-415. Also see W-310. 


Melde’s Vibrating String Melde’s Vibrating String 
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Mass/Length from Balance Measurement 
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0 5 10 15 20 8 10 
Wave Velocily Squared - (cm/s)*2 x 1076 Slope of hanging mass vs veloc. squared 

RELATED REFERENCES 
TPT 25, 510 (1987) - Measure PULSE velocity in string without standing waves by 
using strain gages and strip shart recorder. 
TPT 26, 371 (1988) - String vibrated by coil connected in series with capacitor 
changes phase to produce color effects. 
TPT 29, 224 (1991) - Optical fiber illuminated with laser used in lieu of string. 


Ease of Setup/Construction: A/C 
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STANDING WAVES W-125 
Transverse Whip Antenna and Wood Strip 


DEMONSTRATION 

Whip antenna or bicycle safety flag, manually excited, 
produces standing waves with antinode at upper end. 
Decreasing diameter of antenna toward upper end 
decreases node-to-node distance. Bicycle safety flag 
produces fewer overtones. 


THIN WOOD STRIP sold by lumber yards for trimming edge 
of table can be held at one end and rocked with wrist. 
Longer strips allow for more overtones. 


ALTERNATE is to purchase from sporting goods store 
tapered fishing leader available in lengths about 2 m. 
Mount as for vibrating wire in W-105 or Melde’s string 
in W-120. Attach weight holder to one end and suspend 
over pulley. Attach other end to discarded electric 
shaver as oscillator. Varying voltage on razor with 
Variac or incandescent lamp dimmer provides frequency 
control. This is Melde’s vibrating string with 
variable mass per unit length hence "loops" will vary 
in length. 


ve=f A = VT /pe where T is tension and 
mis mass/length 


RELATED REFERENCES 


TPT 28, 167 (1990) - Amusement parks with water wave generators produce stains on 
side of pool. Excellent application of nodes and antinodes. 


Ease of Setup/Construction: A/C 
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STANDING WAVES W-130 
Transverse Aluminum Rod in Xylophone Mode 


DEMONSTRATION 

Mark rod (1.3 cm dia, 2 m long) at center and at points 
0.224 and 0.776 times its length. (Ref. Kinsler and Frey) 
Hold between thumb and forefinger at one of these points 
and strike rod sharply at center with edge of hand. 
Support at marked point at other end. Transverse 
standing wave is produced with nodes near ends at marked 
positions. Al preferred due to high "Q" producing less 
damping. 


DISCUSS location of supports under xylophone pipes and 
contrast with standing wave in coiled spring and with 
Slinky spring vibrations in longitudinal case. 


CONSTRUCT from usual Al rod sold in hardware stores. Rods 
of larger diameter produce louder longitudinal resonance 
while ones of smaller diameter produce better transverse 
vibrations. 


Ease of Setup/Construction: A/A 
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STANDING WAVES W-135 
Transverse and Longitudinal Coupled Oscillations in Rod 


DEMONSTRATION 

If natural frequencies for 
longitudinal and transverse 
oscillations of Al rod are in 
ratio of two integers, reinforced 
coupling of these vibrations can 
occur. Excite longitudinal wave 
VIGOROUSLY in fundamental mode 
and transverse should begin as a 
lower pitched scream. 
Occasionally this is found by 
accident and can occur with 
excitation of first overtone. 


CONSTRUCT by referring to theory 
at left. Note example shown here 
where longitudinal frequency is 5 
times transverse. Use micrometer 
to measure dia. at various points 
and average to 4 digits. 
Calculate L to four digits. Cut 
Longitudinal Vibrations fL = n V/2L wheren, = 1, 2, etc. rod longer and gradually sand off 

f = Frequency end with belt sander, testing 

V = Velocity of longitudinal waves in aluminum - about 5100 m/s fre qu ent ly for c oup lin g 


L = Length of rod tia 
u = Velocity of transverse waves in aluminum condition. 


r = Radius of rod 


Transverse Vibrations fr =Turb?/(16 L°) where b = 3.012, 5, 7, etc. 
Ref. Kinsler & Frey 


Reasonable length rods can be found using 2nd overtone (b=7) of 
transverse vibration and fundamental of longitudinal vibration (n, =1) with 
frequency ratio of five so that f} = 5 f; which yields: 


TUR (7)? 


pa (i)= 5 7E or L = 4901r/16 = 96.21r 


Length is CRITICAL - Four significant digits needed - Measure radius with 
micrometer at several points. Final adjustment of length is by trial and error, 
sanding end on belt sander. 


For T6061 Aluminum - nominal 1/2" dia. (r = 0.635 cm) -L = 61.1 cm 


RELATED REFERENCES 


Kinsler & Frey - "Fundamentals of Acoustics", 2nd Ed. John Wiley & Sons (1962) - 
Source of eqs shown above. 


Ease of Setup/Construction: A/B 
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STANDING WAVES W-140 
Transverse - E-M Microwaves 


DEMONSTRATION 

Produce standing microwaves by placing plane 
aluminum reflector 1 m from transmitter. 
Explore pattern with diode detector connected 
to audio amplifier and speaker for audible 
detection. Apparatus available commercially. 
See 0-430 for production of interference using 
this apparatus. 


Ease of Setup/Construction: B/C 
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STANDING WAVES W-145 | 
Transverse - Pipes Xylopipes and Wooden Sticks 


DEMONSTRATION 

Note dependence of pitch on length. Try Al electrical conduit of 
various lengths or wooden sticks. See Al rod in W-205 and pipe in 
W-190. 


NOTE that nodes for transverse waves in rods and pipes are at 22.4% of 


length from each end. This determines points of support for xylopipes. 
Ask students to name some factors upon which pitch of stick depends. 


RELATED REFERENCES 
AJP 58, 82 (1990) - "Wind Chime Physics" - Tuning to specific pitch in construction. 


Ease of Setup/Construction: A/C 
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STANDING WAVES 
Transverse - Free End 


RELATED REFERENCES 


W-150 
Hanging Chain 


DEMONSTRATION 

Standing waves can be produced in hanging 
chain or heavy coil spring with node at upper 
end and antinode at lower or free end. Can 
also occur in beaded chain but somewhat 
harder to excite. Note that ’loop’ length is 
longer at top where tension is greatest. 
Excite first two or three modes. Note that it 
does not matter if loops in chain or spring 
appear to rotate. Metal sash chain (40-50 cm) 
used to support heavy windows works well. 


DISCUSS difference between this situation and 
that for uniform tension. Solution is Bessel 
function. Author of reference, in private 
communication, suggests hanging light 
necklace on horizontal peg glued to speaker 
cone to get oscillations in PLANE. 


AJP 48, 54 (1980) - Zeroth order. Bessel function observed on rotating chain. 


Ease of Setup/Construction: A/B 


DICK and RAE Physics Demo Notebook 


02--93 


Copyright 1993 by DICK and RAE, Inc. 


STANDING WAVES 
Transverse - Circular 


RELATED REFERENCES 


W-155 
Gong, Hat Stretcher & Goblet 


DEMONSTRATION 

Cap stretcher from military cap 
can be excited manually to 
produce circular standing wave 
pattern. Works best in 
horizontal position. Use colored 
vinyl tape to accent nodal 
points. Can frequently be used 
to show coupling also. Hold in 
vertical plane and excite. 
Sideways motion will result from 
vertical motion and then decay, 
returning to vertical motion. 
See S-105 on banding material 
uses. 


Bell mode vibration can be 
excited in most goblets, even 
cheap heavy ones by wetting 
finger and rubbing rim in 
circular motion. Note behavior 
of water surface following 
finger around. "Whispering Waves 
in Wine Glass", AJP 53, 1070 
(1985) has explanation of 
surface waves and relation to 
shock waves. Bell mode can also 
be heard in coffee cup by 
tapping rim with pen. 


DISCUSS bell mode of gongs. 
Application is vibration of ends 
of cylinders, which behave like 
hat stretcher but which change 
frequency as cylinder length 
increases. 


TPT 28, 582 (1990) - "Wine Glasses, Bell Modes, and Lord Rayleigh" - Extensive 
discussion of various modes with good examples. 


Ease of Setup/Construction: 
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STANDING WAVES W-160 
Transverse - Circular Water Goblet - Variable Depth 


DEMONSTRATION 

Bell mode vibration can be excited in most goblets, even cheap ones, 
by wetting finger and rubbing edge in circular motion. Note behavior 
of water surface following finger around. If using fancier model where 
level can be varied as above, try raising water level while exciting 
rim. Does pitch vary as you expect? 


CONSTRUCT with hole in bottom by fashioning a "biscuit cutter" of 
brass 7-10 cm dia. with serrated edge. Mount biscuit cutter in drill 
press and place goblet bottom up on slightly cushioned drill press 
table. At slow rotation, using water and carborundum powder or auto 
valve grinding compound, carefully grind hole in bottom of goblet. 
Epoxy bottom to acrylic disk with hole in center intersecting a radial 
hole for attaching acrylic orifice and rubber tube to make connection 
to reservoir. 


RELATED REFERENCES 


AJP 53, 1070 (1985) - "Whispering Waves in Wine Glass" - Explanation of surface 
waves. Can also relate to shock waves. 


Ease of Setup/Construction: A/C 
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STANDING WAVES W-165 
Transverse - Plates Chladni Plates 


DEMONSTRATION 

Support plate in horizontal plane using table clamp. Bow edge, keeping 
bow vertical, to produce antinode while touching edge nearby to 
produce node. Note where nodes are attempting to form and adjust 
finger slightly to enhance resonance. Bass violin bow works well. Use 


rosin on bow or spray with Firm Grip or other rosin-based sports 
product. 


DRAMATIC EFFECTS with UV light and different colors of fluorescent 
Sand. Prepare sand by mixing with water-based fluorescent paint and 
drying before storing in sifter. Ref. TPT 11, 312 (1973). 


CONSTRUCT several plates of various thicknesses (1-4 mm) and 30 cm 
square. Al preferred but brass acceptable. Drill hole at center for 
Support rod and use thumb nut on threaded rod with shoulder to provide 
a solid "node" at center. Paint flat black for good contrast. Also try 
other shapes such as circular disks or triangles. 


ALTERNATE is to show on overhead pattern from cheap speaker driving 
plastic plate as in AJP 59, 665 (1991). 


RELATED REFERENCES 

AJP 55, 381 (1987) - High power laser measures window pane vibration to detect 
speech outside room windows. Note that such eavesdropping is Federal crime. However, 
application useful for other vibrations. 

TPT 26, 396 (1988) - "Standing Waves and Beats Displayed by Foam Packing" 

TPT 30, 375 (1992) - 2" loudspeaker with cork on cone to drive plate. Second speaker 
on table below plate picks up sound to feed back to amplifier to enhance coupling. 


Ease of Setup/Construction: B/B 
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STANDING WAVES W-170 
Transverse - Films Soap Films Driven by Speaker 


DEMONSTRATION 

Drive circular film mixture (given in 
0-465) with loudspeaker placed at 
opposite end of acrylic tube from film. 
Tube can be 4-10 cm dia. Use audio 
oscillator signal (impedance matching 
transformer may be needed) and increase 
frequency slowly, observing higher modes. 
Raise and lower speaker volume to see 
effects on film of over-driving. Also try 
exciting film with voice ranging up and 
down scale. 


REPLACE circular film support with square 
or other shapes. See 0-465 for Swedish 
ref and for different recipe for 
solution. 


IDEA - Replace oscillator with cassette 
music for interesting effects. Beautiful 
color patterns can be observed as well as 
applications of conservation of angular 
momentum in adjacent portions of film. 


CONSTRUCT film holder of PVC pipe if 
clear acrylic not available. Drill hole 
in side and affix support rod. Pipe dia 
is not critical as long as light beam 
covers end. Any speaker will suffice. 
Carousel is light source. Light reflected 
from film is focussed on distant screen 
using 25-cm F.L. lens. 


RELATED REFERENCES 


TPT 31, 124 (1993) - Swedish version of rotating & vibrating film has different 
recipe for solution. 


Ease of Setup/Construction: C/B 
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STANDING WAVES W-175 
Transverse - Films Very Large Films - Glycerine 


DEMONSTRATION 

Slowly oscillate frames in angular motion 
and then in vertical motion to excite 
various film modes. Try higher frequencies 
to get overtones. Fundamental and first 
overtone shown here for circular and 
rectangular frames. Fluid available from 
Better Bubbles, Inc., 11552 Hart St., 
N.Hollywood, CA 91605. Can also use solution 
recipe found in 0-465. 


CONSTRUCT frames from brass rod 2 mm dia. 
Circular frame is 25-30 cm dia. Rectangular 
about 25x50 cm. Solder at corner and solder 
handle for holding. 


RELATED REFERENCES 
TPT 26, 184 (1988) and 27, 327 (1989) - Bubble making. 


Ease of Setup/Construction: B/B 
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STANDING WAVES W-190 
Transverse-Longitudinal-Pipes Pat the Pipe 


DEMONSTRATION 

Hold length of about 60-80 cm of plastic, metal 
or cardboard tube about 3-5 cm dia. Pat end 
with hand in a quick motion covering entire end 
of pipe. Pipe will resonate at frequency 
characteristic of its length with one end 
closed if hand remains over end after the pat. 
To get one octave higher, characteristic of 
open pipe, pat, then remove hand quickly. 
REQUIRES GOOD RHYTHM. 


IDEA - Above uses LONGITUDINAL waves in AIR. To 
produce TRANSVERSE waves in PIPE, hold METAL 
pipe at distance from end of about 0.23L. Tap 
sharply with handle of screwdriver to hear 
clear ringing, well-sustained. This is 
xylophone mode. Compare resulting sound with 
that holding pipe at end or middle and tapping 
elsewhere. 


For 72-cm pipe: 
Closed f = v/(4L), about 120 Hz 
Open f = v/(2L), about 240 Hz 


Assume: v 344 m/s = 331 VT/273 (22 degC) 


RELATED REFERENCES 
TPT 25, 172 (1987) - How to play "Mary Had a Little Lamb". 


Ease of Setup/Construction: A/A 
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STANDING WAVES W-205 
Longitudinal - Rods Singing Rod 


DEMONSTRATION 


Hold aluminum rod (1.3 cm dia. x 2 m) between thumb and forefinger at 
center and stroke longitudinally with other thumb and forefinger to 
excite longitudinal vibrations by stick-slip action of fingers. Spray 
rod first with tacky substance such as Firm Grip (sold in sporting 
goods stores). Some demonstrators prefer alcohol on paper towel or 
rosin bag used by baseball pitchers. Produce higher harmonics by 
changing point of support (nodal point). 


SHORTER ROD, or one of larger diameter can be used for higher 


fundamental frequency. Rod 40-50 cm long is useful for interference 
(See W-330) and for Doppler (W-380). 


IDEA - Given speed of sound in Al, u rod to determine Young’s 
Modulus per TPT 29, 538 (1991). = vře 


LONGITUDINAL STANDING WAVE PATTERNS 


Al rod: 


Organ pipes: 


both ends open 


L 
2V =V 
fia 7L 
ie 
cia 
igo Lay 
lst ov; 2nd ha 2-7 2 2L 
h ji al 64s 
Wop. i PESEE 
-V__3v und; lst ha 
! 2nd ov; 3rd ha eb Waals 
A| 1st ov33rd ha 
<— 1L n 
2nd ov;5th ha 
N = node 
A = antinode 
fund = fundamental 
ov = overtone 
ha = harmonic 
RELATED REFERENCES 
J. Acoust. Soc. Am. 55, 2 (1974) - One of original references on this demo. 


Ease of Setup/Construction: A/A 
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STANDING WAVES W-210 
Longitudinal - Pipes Singing Pipes-Straw & Scissor 


ers es ee 5 ga seat reece : 
a aao aia 


DEMONSTRATION 

Almost any pipe 1-2 m long will resonate when lowered to optimum 
position over Fisher (Meeker) high temperature (grid top) burner. 
Stove pipe, conduit, downspout, acrylic tubes and mailing tubes work 
well; large diameter tubes are easiest to excite. Adjust burner until 
blue tips are formed about 1 mm above grid. In lieu of continuous 
burner excitation, attach several layers of high temperature gauze 
(frequently Nichrome) to wire frame and insert into tube about 16 cm 
from its bottom. Heat gauze cherry red and tube "sings" when removed 
from burner. 


IDEA - Amaze students by turning pipe horizontal, "pouring sound on 
floor and then scooping it up again". Can also run with tube 
horizontal. Cardboard mailing tubes of proper sizes can be inserted 
one within the other to form pipe of variable length (trombone). 
Fancier model of acrylic tube allows students to see flame being 
driven by resonance (can even blow flame out at times). Use to show 
pitch depends on length as with organ pipes (W-215). 


SODA STRAW will resonate if reed formed on one end. Chew on end to 
flatten it and cut arrow-shaped end with scissor as shown. Place WELL 
INTO mouth and blow HARD. Use scissor to cut off more and more length 
while blowing, causing pitch to rise. Works easiest with larger dia 
McDonald’s straw but tubular cocktail stirrers will work with some 
practice in cutting end. 


IDEA - TROMBONE can now be made by inserting smaller dia straw into 
larger one. Make FLUTE, of sorts, using single straw and melting small 
hole in wall with hot end of recently extinguished match. 


U 


" * SAFETY NOTE » ” 
When using cardboard mailing tubes, be careful of catching tube on fire over burner. 
Adjust flames first with metal pipe, then hold mailing tube vertically and do not 
leave over flame very long. 


Ease of Setup/Construction: A/A 
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STANDING WAVES W-215 
Longitudinal - Pipes Organ Pipes 


DEMONSTRATION 


Use different pipes to illustrate dependence of pitch on length. Best 
to have pipe fitted with movable piston. 


ALTERNATE is to purchase variable pitch whistle with movable slide in 
variety store. Remove slide and use hand to illustrate effects of open 
and closed ends. Multi-pipe whistles (Train whistles as in W-220) also 
available in science and railroad museuns. 


Organ pipes are excited by air stream at one end. This is antinode. 
ALL harmonics available for other end OPEN: 
fı = 0.50 v/L f2 = 0.50 2v/L fy = 0.50 nv/L 


ODD harmonics only available for other end STOPPED: 
fi = 0.25 v/L f = 0.25 3v/L fa = 0.25 nv/L 


RELATED REFERENCES 


TPT 27, 218 and 230 (1989) - Pipe with helium. False analogy with organ pipe and 
human windpipe. 


Ease of Setup/Construction: A/C 
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STANDING WAVES W-220 
Longitudinal - Pipes Train Whistle and Flutes 


f. 


DEMONSTRATION 


Place fingers over opening so as to block all pipes except one. Sound 
each pipe in this way separately, then sound all together. Sets of 
short and long blasts used as official signals available from railroad 
buffs. Train whistles of both wood and metal are available in museum 
stores, especially historic train stations. Three-, four-, and 
five-pipe models are available with both open and closed pipes. One 
manufacturer is JAF Products, P.O. Box 13117, Hamilton, OH 45013. 


FLUTE and toy recorder shown along with whistles of various lengths 
and pipe with movable piston. See W-415 for pan pipes demo. 


IDEA - Make flute from soda straw described in W-210 and then burn 
holes in side of straw with end of recently extinguished match. 


Ease of Setup/Construction: A/C 
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STANDING WAVES W-225 
Longitudinal - Pipes Gas Flames Tube 


DEMONSTRATION 

Use natural gas or propane. Connect loudspeaker to audio oscillator. 
When gas passes into pipe and out small holes, it may be lighted at 
each of holes to give line of regularly spaced flames of uniform size. 
Audio oscillator driving speaker is tuned to give standing waves in 
pipe. Presence of pressure maxima and minima is indicated by higher 
and lower flames. Rapidly vary frequency and then replace oscillator 
with cassette tape player using fast contemporary music with good 
bass. Auxilliary speaker shown is optional for large room. 


Physicists get in heated debates on theory. Read carefully TPT 17, 306 
(1979) and AJP 53, 1110 (1985) on nodal positions and REVERSAL of 
nodes and antinodes under some conditions. 


CONSTRUCT from piece of downspout (10 cm dia x 1.5-2 m long) which has 
small holes drilled with #54 drill at regular intervals of about 2.5 
cm along top. Close one end by soldering to metal plate. Other end is 
fitted with rubber diaphragm and loudspeaker. Two inlets supply gas 
feed. ' 

v=fxX where À is determined by length of 2 "loops" above. 
Confirm with v = YYRT/M using T in degK, R= gas constant 

M = molecular mass of gas and Y= ratio of specific heats of gas. 


RELATED REFERENCES 


AJP 54, 1146 (1986) - Relevant parameter is size of the sound pressure amplitude 
relative to gas pressure. 
AJP 55, 733 (1987) - Two dimensional flame TABLE. 

j " SAFETY NOTE a 


Use CARE as with any demo having open flame. DIAPHRAGM described above is necessary 
to ensure no unwanted leakage of large amount of gas. INSPECT diaphragm periodically 
and replace if deteriorated. 


Ease of Setup/Construction: A/C 
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STANDING WAVES W-230 
Longitudinal - Pipes Singing Corrugated Pipe 


DEMONSTRATION 

Sump pump hose (1 m long x 2.5-3.5 cm dia.) found in building supply 
stores emits loud, clear, pure tone when holding one end and swinging 
tube in circle. Also found in toy stores. Some called it "The Hummer". 
Some large dia shop vac hose works but requires large air flow. 
Observe sound as vac slows down after cutoff. Not all SPIRAL-wound 
vacuum cleaner hose will work. Some hose with very closely spaced ribs 
also will not work. Smaller version is whistle given as carnival 
prizes - about 20 cm long (straight ones with arrow-shaped ends in 
photo above). Ones shown with bell-type ends are corrugha horns 
described in theory below. 


TRY sump pump hose as follows: Hold hand over one end while whirling & 
sound stops. Blow sharply thru hose while stretching with variable 
force to hear pitch change. To observe direction of air flow, hold one 
end fixed over pile of paper bits while whirling other end. Cover end 
with plastic bag while whirling other end. Hold end out of car window 
while driver varies speed. 


THEORY 

Following is summary of 11-page article in AJP 42, 278 (1974), 
"Singing Corrugated Pipes" by Frank S. Crawford: Fundamental sounded 
by tapping. Overtones, n = 2,3,4,etc., excited from whirling. 
Fundamental is 175 Hz for 3 ft length, nearly half-tone lower in pitch 
than for smooth pipe of same L & D ("Loaded guide" effect). A given 
note will sing when flow velocity is such that "bump" frequency equals 
frequency for that singing note PROVIDED flow velocity is high enough 
to induce turbulent flow (Reynolds number ~ 2000). Whirling rotational 
velocity proportional to overtone number, n. Velocity out car window 
also proportional to n. 

Crawford developed corrugha horns of various lengths - small 
diameter corrugated pipes blown by mouth with pitch dependent upon how 
hard pipe is blown. These are no longer made but, by phone to Rae, he 
indicates excellent substitute is flexible supply lines for gas and 
water (with corrugations) sold by building supply stores. Preferred 
size is 3/8" dia and 24" long. 


Ease of Setup/Construction: A/A 
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STANDING WAVES 
Resonance 


RELATED REFERENCES 


W-255 
Resonance Tube 


DEMONSTRATION 

Adjust length of air column in piece of 
electrical conduit (2-3 cm dia.) by 
lowering into vessel of water. Excite 
column with tuning fork or by exhaling 
across top. Scribe dimensions on outside 
of tube for easy measurement. 


Closed end: 

v = fX with v and f constant. As tube 
length varies, wave pattern changes from 
L = A/4 to L = 3 A/4 toL=5A/4. End 
correction, if used, is 0.6r and is 
added to L because antinode is outside 
end of tube. 


ALTERNATE is to use spring to suspend 
magnet inside solenoid pulsed with low 
frequency oscillator to execute 
resonance. May have to try several 
springs to get one with proper 
characteristics. From AJP 55, 666 
(1987). 


SECOND, somewhat tedious, ALTERNATE uses 
pair of springs, each suspending magnet 
inside one of pair of solenoids. Connect 
solenoids to one another. When one 
magnet is started, other soon follows. 
This demo requires some cut-and-try to 
get combination which is mechanically 
and electrically compatible. 


TPT 26, 456 (1988) - "Standing Waves in Styrofoam Cup" (of coffee). 


Ease of Setup/Construction: 


A/A 
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STANDING WAVES W-260 
Resonance Jingle Bells COKE Bottles 


DEMONSTRATION 

Jingle Bells may be played with 8 notes. Use at least 4 participants, 
each with two bottles (notes) to sound by blowing sharply over mouth 
of bottle. Resonance may be more affected by volume, as in Helmholtz 
resonator, than by length of air column. 


CONSTRUCT by filling bottles and adjusting levels to produce desired 
notes. Cork bottles after use to reduce evaporation so notes do not go 
flat. 


APPLICATION is method of human torture in which person placed in small 
chamber is bombarded with variable low frequency (<10 Hz) until 
resonance of chest cavity is approached, resulting in excrusciating 
pain as chest membrane vibrates involuntarily. 


THEORY on Helmholtz resonators can be found in Chap 8 of Kinsler and 


Frey, "Fundamentals of Acoustics", 2nd Ed. John Wiley & Sons (1962). 
For cavities of dimensions small compared to wavelength, 


f (resonance) = (1/27) c VS/(L’/V) where 


L’= effective length of neck (depends partly on neck radius) 
V = cavity volume 
c = velocity of sound S = area of opening 


Higher mode resonant frequencies result from standing waves formed in 
cavity, rather than from oscillations of air in neck. 


RELATED REFERENCES 


TPT 25,454 (1987) - Resonant frequency of empty bottles and use of resonant 
frequency of large cavity to measure volume of human body. 
AJP 56, 702 (1988) - "Lowest Modes of a Bottle" - Predictions and experiment for 


flasks, bottles, and flute and clarinet modes. 


Ease of Setup/Construction: A/B 
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STANDING WAVES W-265 
Resonance Tuning Fork and Tuned Cavity 
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DEMONSTRATION 
Place tuning fork in light from strobe, if one is available. Set light 


frequency slightly above or below fork frequency to show students HOW 
fork vibrates in slow motion. l 


Riverbank Laboratories, Inc., P.O. BOX 110, Geneva, IL 60134, sells 
kit which contains cavity tuned to resonate with 880 Hz fork. Also can 


be used to demonstrate sympathetic vibes, beats, mechanical coupling, 
and the Doppler effect. 


Set of identical forks and cavities available commercially. Point open 
ends of cavity toward each other and strike one fork to show second 
fork vibrates in resonance. Be sure to damp first fork so students are 
convinced that second fork really did start vibrating. 


Third fork shown below has one tine loaded along with cavity to show 
beats as in W-355. 


Ease of Setup/Construction: A/C 


DICK and RAE Physics Demo Notebook 


02--93 Copyright 1993 by DICK and RAE, Inc. 


STANDING WAVES W-270 
Resonance Audio Oscillator Drives Wire 


DEMONSTRATION 

Use setup in W-310 but replace scope with audio oscillator to drive 
wire. Wire has impedance on order of 1 ohm while oscillator is of 
order 1000 ohms. Use radio speaker transformer to provide impedance 
match [Ref. TPT 30, 516 (1992)] with lower impedance winding (orig. 
connected to radio speaker) connected to wire. Run oscillator 
frequency up and down to locate various resonant frequencies of wire. 
Compare with value obtained from plucking wire. 


Resonance occurs, with node at both ends, when L is an integer number 
of HALF wave lengths or L=ndA/2. Sov=f£fX =f (2L/n) or 

f = nv/(2L). This predicts resonant frequencies should be in integer 
multiples of fundamental. Tension in wire (adjustable) and wire mass 
per unit length determine v. 


IDEA - Use strobe light to show students vibration in slow motion and 
to verify frequencies. 


Ease of Setup/Construction: B/C 
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SUPERPOSITION OF WAVES W-310 
Fourier Synthesis Square Wave in Vibrating Wire 
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DEMONSTRATION 

Connect scope having gain of a few mv/cm to ends of steel wire mounted 
between end posts insulated from one another. Locate strong magnet at 
center of wire to produce strong localized field. Gently bowing wire 
near one end produces square wave! Bowing excites all harmonics but, 
because even ones have node at center, only odd harmonics produce 
induced EMF seen on scope. Because approx. square wave is sum of first 
few odd harmonic terms, locate bow about 1/14 th or 1/18 th of wire’s 
length. Requires some bowing practice. 


ALTERNATE, if scope gain is insufficient, is to use impedance matching 
transformer taken from radio speaker. Connect speaker output coil (low 
impedance) to wire ends and other coil to scope. 


SYNTHESIZE square wave electronically using method given in W-075 with 
Fourier synthesizer connected to scope. Can also generate triangular 
wave. Some scopes have internal square wave generator for vertical 
amplifier calibration. 


IDEA - Have computer-oriented student do addition with computer 
spreadsheet and then plot, comparing wave shapes with scope pattern 
for various numbers of terms to improve approximation. 

y = A sin(w t) + A/3 sin(3wt) + A/5 sin(5t) +... 


RELATED REFERENCES 
AJP 53, 874 (1985) - Fourier series experiment. 


Ease of Setup/Construction: B/C 
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SUPERPOSITION OF WAVES W-315 
Phase and Group Velocity Beats with a Drift 


DEMONSTRATION 
Feed output of each of two oscillators thru 100-ohm protective 
resistors to amplifier input. Amp output goes to speaker and vertical 
input of scope. For many scopes, gain is sufficient without amplifier. 
To show difference in phase and group velocities, set oscillators to 
slightly different frequencies and measure wavelengths. Make group 
move right or left by adjusting frequency of other oscillator above or 
below that of locked-in oscillator. 
Group, as in photo, consists of many wavelengths having: 

f (avg) = (f, + f2)/2. 
Group is what carries information. Specific example of group is beats; 
usually defined as superposition of two frequencies differing by a few 
to perhaps 30 Hz. To ear, intensity or volume appears to be modulated. 
If amplitudes of two waves are nearly identical, intensity falls 
effectively to zero at each beat. 

f (beat) =f, -f, = Af 
To HEAR beats well, use f = 200-300 Hz with DIFFERENCE of a few Hz 
between them. To SEE beats well on scope, use f = 2-3 kHz with 
difference of few hundred Hz between them. Effect can be observed in 
light using Michelson interferometer in 0-440 when using yellow light 
from mercury doublet. 


NOTE - If dual trace scope available, connect one audio oscillator to 
each input and lock sweep on one of them. Display group pattern by 
setting input selector to add two signals. 


IDEA - Use two tuning forks together. To secure beats, carefully grind 
ends of one fork to very slightly shorten tines compared to the other, 
formerly identical, fork. Remember to tag shortened fork as no longer 


having stamped frequency. Other method is W-355, fork with one tine 
loaded. 


RELATED REFERENCES 
TPT 28, 557 (1990) - "Lapping in Races as a Model for Beats" - Interesting analog to 
teach concept. 


Ease of Setup/Construction: B/C 
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SUPERPOSITION OF WAVES W-320 
Spherical - Circular Corrugated Roofing & Sew. Tape 


DEMONSTRATION 

Simulate transverse wave in which 
crests can be identified by one color 
of Magic Marker and troughs with 
another color. Two sources may be 
simulated by location of hangers on 
meter stick and points of 
constructive (or destructive) 
interference can be plotted. 
Constructive points are at 
intersection of same color and 
destructive of different colors. 
Other situations can be simulated 
such as predicting when observers at 
different locations will hear single 
source as in phase or not. 


CONSTRUCT from sheets of corrugated 
white or green translucent plastic 
roofing such as used over carports. 
Cut strips several cm wide and up to 
1 m long. Drill hole at one end to 
facilitate hooking over hanger used 
to attach mass hangers to meter 
stick. 


ALTERNATE is to use two cloth or 
paper sewing tapes which have been 
marked with alternating colors about 
every 4". Can show change of 
wavelength by using two additional 
tapes marked about every 8". 


RELATED REFERENCES 


AJP 59, 857 (1991) - Two wood lathing strips, painted to represent wavelengths, with 
slots to allow simulation of waves progressing in time. 


Ease of Setup/Construction: A/B 
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SUPERPOSITION OF WAVES W-325 


Interference Moire Pattern Transparencies 


DEMONSTRATION 

Simulate interference pattern of two 
sources by overlaying on overhead 
projector two identical 
transparencies of concentric rings of 
regularly increasing radius so that 
they almost superimpose. Separation 
of ring centers corresponds to 
separation of two speakers or to ends 
of singing rod. Separation of rings 
on single transparency corresponds to 
wavelength. 


f 
wo! 


ae 
` 


/ 


REPRODUCE pattern below in 2 copies, 
enlarged as desired. 


NSS 


RELATED REFERENCES 


TPT 25, 102 (1987) - "Thre-Dimensional Moire Patterns" 
TPT 27, 602 (1989) - Parallel line, spiral, and radial line and dot transparencies 
superimposed. 


Ease of Setup/Construction: A/A 
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SUPERPOSITION OF WAVES W-330 
Interference Two Speakers - Aluminum Rod 


DEMONSTRATION . 

Place two speakers 40-50 cm apart and connect them in parallel to 
audio oscillator set at about 4000 Hz. To detect interference maxima 
and minima in space, have students plug one ear while speakers are 
rotated back and forth with turntable. Alternative is to have students 
move head back and forth. Small classes could explore entire room. Add 
reversing switch in leads to one speaker to reverse phase quickly. 
Have students note that, with everything stationary, switching phase 
changes interference max. to min. 


ALUMINUM ROD ~60 cm long, excited using fingers as in W-205, produces 
longitudinal waves in aluminum which are transmitted to air from both 
ends. Slowly rotate rod in front of class while students have one ear 
plugged or hold rod fixed and move head as above. 


RELATED REFERENCES 
AJP 54, 233 (1986) - Theoretical details on superposition (amplitude addition) vs. 
energy conservation (intensity addition) for pair of waves. 


Ease of Setup/Construction: A/B 
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SUPERPOSITION OF WAVES W-335 
Interference 


Ease of Setup/Construction: 


Cheap Speaker Cabinet 


DEMONSTRATION 

Play cassette tape thru VERY small dia. (3 
cm) speaker using EXT.SPK. jack of tape 
player. Bare speaker produces low 
intensity because some sound from rear of 
speaker is diffracted around edge and 
interferes destructively with sound from 
front. Eliminate this unwanted 
interference by placing speaker up to 
matching hole in piece of cardboard about 
40 cm square. Intensity increases 
dramatically. Reverse speaker in hole from 
front to back of board to show "back" 
radiation is as effective as "front" 
radiation. 


ALTERNATIVE is to use small megaphone 
about 15 cm long with mouth same dia. as 
speaker. This enhances directivity as well 
and illustrates efficient conversion of 
electrical to acoustical energy, or 
"impedance matching". 


A/C 
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SUPERPOSITION OF WAVES W-355 
Beats Tuning Fork - One Tine Loaded 


DEMONSTRATION 

Use two identical tuning forks and place large rubber band on one tine 
of one fork (256 & 320 Hz work well). Strike both forks and hold both 
forks to same ear. Or, use microphone, amplifier, and speaker to make 
beats audible for large class. Roll rubber band back from end to 
reduce number of beats as moment of inertia reduces. Loading one tine 
changes pitch of entire fork, not just one side. 


NOTE that BOTH frequencies must reach same ear. Try alternative of 
using audio oscillator and ear plug in one ear for 320 Hz and second 
oscillator and ear plug in other ear for 322 Hz - NO BEATS. This 
proves beats are detected within ear, not by brain examining signals 


from 2 ears. Plugs needed to prevent stray sound from leaking to other 
ear. 


COMMERCIAL model uses mass adjustable to various positions on fork 
mounted on acoustic chamber. Placing masses at different positions on 
two forks yields beats loud enough to be heard in large classroom. 


RELATED REFERENCES 

TPT 30, 102 (1992) - "Radar Guns and Tuning Forks" - Fork supplied with gun to check 
calibration. 897 Hz for 28.6 mph up to 4096 Hz for 130.4 mph (or 31.4 Hz/mph). Also 
used to measure speed of tennis racket strings. 

NOTE from VMI: Lexington (VA) student once challenged this calibration method in 
court claiming that fork changed pitch on cold day. Rae was asked to verify the 
claim. Equivalent error was < 1 mph from -30 to +20 degC. 


Ease of Setup/Construction: A/A 
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SUPERPOSITION OF WAVES W-360 


Beats 


Ease of Setup/Construction: 


Whistles 


DEMONSTRATION 

Purchase about 6 plastic, toy, police 
whistles of type having warbler ball which 
rolls around inside when blown. Crush each 
warbler and remove with needle-nose 
pliers. (Ball produces unwanted modulation 
in intensity.) Blow different pairs 
simultaneously and choose best 
combinations which produce beats. Use 
audio oscillator and Lissajous patterns on 
oscilloscope (See M-930) to determine 
frequency of each whistle. 


ALTERNATE is to use glass whistles made of 
different lengths of glass tubing. Or use 
soft drink bottles filled to different 
depths as in W-260 or carnival toy bloogle 
pipes shown in W-230. 


A/A 
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SUPERPOSITION OF WAVES W-365 
Beats Velocity Sound - Aluminum Rod 


DEMONSTRATION 

Excite fundamental of aluminum rod as in W-205. Then wavelength is 
twice rod length. Beat sound from vibrating rod against audio 
oscillator (with speaker) to determine frequency. Speed of 
longitudinal waves is product of these two values. Can be used to 
compute Young’s Modulus for aluminum. For coupled transverse and 
longitudinal oscillations in rod, see W-135. 


EXAMPLES - To calculate f for 2-m rod using v~5000 m/s, f = v/X. 
Wavelength of fundamental is 2L or 4 m, yielding 1250 Hz. 


To calculate Y, measure f by beat method above and use v = square root 
of ratio of Young’s Modulus to density. Density of rod can be measured 
using mass and volume. 


v=f) = 2fL = Vy/e Solving for Y, yields: 
Y = af 16 = 4f*Lm/A where A is cross sectional area. 


Verify by using measured frequency of 2nd harmonic gotten by holding 
rod at L/4 point. 


RELATED REFERENCES 
TPT 28, 410 (1990) - Students scattered about parking lot time strobe light flash to 
sound arrival from air horn. Correction on reaction time noted in letter on p. 580. 


Ease of Setup/Construction: B/C 
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SUPERPOSITION OF WAVES W-380 
Doppler Effect Fork, Rod and Reed 


DEMONSTRATION 


Drill small hole in bottom of stem of tuning fork and attach string so 
as to whirl vibrating fork in circle overhead. 


ALTERNATIVE is to use aluminum rod about 80-100 cm long set in 
longitudinal vibration as in W-205. Move rod rapidly with long axis 
toward and away from listener. 


SECOND ALTERNATIVE is commercially available vibrating reed made to 
rotate in circle on lab rotator. 


APPLICATION is estimating speed of racing cars (Fermi problem) given 
in TPT 26, 423 (1988). 


RELATED REFERENCES 


TPT 25, 400 (1987) - Paper wave train model simulates Doppler shift. 

TPT 26, 120 (1988) - Radio Shack buzzer installed in whiffle ball. 

TPT 27, 635 (1989) - Circular acrylic sheets used on overhead to simulate Doppler 
effect. 

TPT 30, 340 (1992) - Analog using cotton cord, spool, meterstick and stopwatch for 


student-operated demo for various combinations of relative motion. 


Ease of Setup/Construction: B/C 
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SUPERPOSITION OF WAVES W-390 


Musical Quality 


Music and Voice on Microphone 


DEMONSTRATION 

Attach loudspeaker, with 
use microphone with high 
needed. Observe patterns 
synthesizer and music of 
sounds and observe those 


its matching transformer, to oscilloscope or 
output. Frequently no other amplifier is 

of voice, speech, vibrating aluminum rod, 
various instruments or tapes. Practice vowel 
of different individuals. 


IDEA from TPT 27, 687 (1989) - Method for listening to muscles! 1.5" 
speaker cone, connected via cork to touch arm, detects sinusoidal 


pulse modulated at about 


20 Hz. One-transistor amplifier allows scope 


readout. Try this with several students. 


Ease of Setup/Construction: B/C 
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MUSIC 
Bandpass Separator 


RELATED REFERENCES 


W-405 
Color Organ - Hallbar 


DEMONSTRATION 

Kit for connection to amplifier output to 
flash 3 sets of colored lamps depending on 
frequency band, e.g., red for low, green 
for medium, blue for high. Plastic 
diffuser used on fluorescent ceiling 
fixtures is mounted in semicircle to 
refract light and produce interesting 
circular patterns. 


Kit available from Hallbar (Div. of Cal 
West Supply, Inc), Suite 105, 31320 Via 
Colinas, Westlake Village, CA 91362. Phone 
800-892-8000. l 


TPT 28, 12 (1990) - Excellent discussion, with example photos, of using flash with 
sound trigger to catch BBs in water & balloons, footballs & tennis balls. 


Ease of Setup/Construction: 


B/C 
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MUSIC W-410 


Crude Instruments Coffee Can Oop-Goopi 


d2— Ga Ine 


acca Se gen 


‘ dat DEMONSTRATION 
piesisa <> Hold coffee can firmly under armpit and stretch 
Dda button string tight with hand. Use other hand to pluck 


string while changing tension. Shows change of 
pitch with tension. 


CONSTRUCT by drilling hole in bottom of coffee 
can to accept 30 cm string to be anchored by 
sewing button on other side. Affix thread spool 
to free end of string. 


Ease of Setup/Construction: A/B 
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MUSIC W-415 
Crude Instruments Monochord - Pan Pipes 


DEMONSTRATION 

Pluck taut string with finger like guitar. Movable triangular bridge 
moved along string shows effect of variation of pitch on length. Cans 
added at both ends and held in contact with base using rubber bands 
increases sound volume by improving impedance match between vibrating 
string and air. This is cheap version of commercially available 
sonometer. 


PAN PIPE excited to resonance by blowing across the open end with pipe 
held close to mouth. Antinode is actually above the end by 0.6 of pipe 
radius. Use spare length of pipe to show that pitch changes about 1 


octave if given length is blown with both ends open instead of one end 
open. 


CONSTRUCT using 0.5" plastic water pipe cut to lengths for scale 
desired. Convenient scale is 8 notes starting with C (550 Hz) to C 
(1100), e.g. 550, 587, 660, 733, 825, 880, 990, 1100. For quarter 
wave, ends closed with dab of modelling clay, cut lengths in cm of 
16.7, 15.7, 14.1, 12.8, 11.5, 10.8, 9.7, 8.8 which allows about 1 cm 
for clay plug. Tune by adjusting clay plug while listening for beats 
using pitch pipe, piano, or audio oscillator & speaker. 


USE PVC to make posthorn and alphorn illustrating basics of operation 
- TPT 28, 459 (1990) - Also uses computerized synthesizers. 


RELATED REFERENCES 

AJP 53, 504 (1985) - Demo trumpet description. 

AJP 54, 463 (1986) - "Real-time Microcomputer Frequency Analyzer" - Diskette in 
BASIC available from author. 


Ease of Setup/Construction: A/C 
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MUSIC 
Reproduction 


Ease of Setup/Construction: 


W-425 
Bite-a-Phone 


DEMONSTRATION 

Cassette music sends time-varying current 
to coil. If coil held in field of strong 
permanent magnet, music can be ’/heard’ by 
person holding end of dowel rod lightly 
between teeth. Sound can be made audible 
by placing end of dowel on styrofoam cup 
bottom as loudspeaker. Latter illustrates 
impedance match. 


CONSTRUCT by firmly attaching 36 cm 
length of dowel rod to wooden spool for 
sewing thread. Fill spool with as many 
windings as possible of #22 insulated 
wire, taping wire ends to spool. Connect 
these leads to EXT. SPK. jack of tape 
recorder. 


B/B 
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ELECTRICITY 


REPUL $ 


ATTRACTION 5 


ELECTROSTATIC 
POTENTIAL 


ELECTROSTATICS E-010 
Charging by Contact Triboelectric Series 


Some Common Materials from Smithsonian Tables 


Positive 
Rabbit’s Fur Wood 
Glass Amber 
Mica Resins 
Wool Metals (Cu,Ni,Co,Ag,etc.) 
Cat’s Fur Sulfur 
Silk Metals (Pt,Au) 
Cotton Celluloid 
continue to next column Negative 


Some Not-So-Common Materials from J. Henniker, Nature 196, 474 (1962) 


Positive 

Silicone elastomer with silica filler Cotton, woven 
Borosilicate glass, fire polished Polyurethane elastomer 
Window glass Polystyrene 
Ethylcellulose Polyurethane flexible sponge 
Rock salt (NaCl) Borosilicate glass, ground surface 
Wool, knitted Polyvinyl butyral 
Silica, fire polished Epoxide resin 
Silk, woven Natural rubber 
Cellulose acetate Sulfur 
Cellulose (regenerated) sponge Polyethylene 

continue to next column Negative 


Reproduction Permitted 


DEMONSTRATION 

Insulators may be placed in order in a series according to ability to 
acquire positive or negative charge when placed in contact with and 
then separated from dissimilar material. Material (of the pair) 
acquiring positive charge goes toward top of list. After placing all 
materials in order, strongest effect is produced by using two 
materials which are separated fartherest in list. 


RELATED REFERENCES 

TPT 28, 612 (1990) - Positive to negative order: Wool, "blase" ball, nylon, Viscose 
(rayon), silk, human skin, urethane foam, Orlon acrylic, polystyrene, acrylic, 
polyester, rubber balloon. 


Ease of Setup/Construction: A/A 
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ELECTROSTATICS 
Charging by Contact 


RELATED REFERENCES 


E-015 
Plastic Tubes - Rods & Cloths 


DEMONSTRATION 

Golf clubs often have protective 
plastic tubes about 30 cm long to 
separate them. Hang one in stirrup 
made of coat hanger wire held by 
monofilament fishing line (good 
insulator). Show there is no force 
between the uncharged tubes. Rub 
each briskly with plastic roasting 
bag used in ovens. Tubes will now 
attract the bag but repel each 
other. 


Usual materials are rubber rod (-) 
with wool (+) or glass rod (+) with 
silk (-). Cat’s fur and rabbit’s fur 
are not identical electrically. 
Newer materials such as teflon, 
acrylic and nylon rods work well 
with drycleaner’s plastic, oven 
roasting bags and Radio Shack bags. 
WHEN HUMIDITY is problem, warm 
materials under heat lamp before 
using. 


NOTE that modern plastic sheets and 
films differ sufficiently that two 
different plastics on same teflon or 
acrylic rod may produce opposite 
effects. Similarly, polished glass 
rods and etched (frosted) glass rods 
may produce opposite effects when 
rubbed with same material. 


TPT 27, 686 (1989) - "Lightening Rod" - Wrap several turns of wire around transistor 
radio and turn radio off station. Bring charged rod toward wire Slowly for static; 


rapidly for crackling. 


TPT 28, 612 (1990) - Tinsel halo will levitate as will some other materials. Tips on 


defeating humidity. 


Ease of Setup/Construction: 


01--93 
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ELECTROSTATICS E-040 


Attraction and Repulsion Aluminized Ping Pong Balls 


DEMONSTRATION 

Use needle to pass monofilament fishing line 
thru Ping Pong ball for 40-50 cm suspension. 
Spray ball with aluminum paint to form 
conducting surface. Use as giant pith balls 
for attraction-repulsion demo. 


“GEORGE” By G. Freier 


IF THE ROO IS EBONITE THE CAT 19 ALWAYS POSITIVE 


RELATED REFERENCES 


TPT 27, 86 (1989) - "Inexpensive Fun with Electrostatics" - Cheap materials such as 
pie plates, foam, plastic bubbles and levitation experiments. 


Ease of Setup/Construction: B/A 
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ELECTROSTATICS E-060 
Electric Fields Ball Dance and Bell Ringer 


DEMONSTRATION 

Connect aluminum sides to electrostatic 
generator to form parallel plate 
capacitor. Place in box 10-20 sugar 
balls 3 m dia. with silvery coating 
(used for decorating cakes). With field 
applied from generator, ball touches one 
plate, acquires charge, is repelled, 
attracted to other plate, continues to 
oscillate between plates carrying charge 
from one plate to another. Place on 
overhead projector to increase 
visibility. 


CONSTRUCT box using acrylic sheet for 
ends and bottom with thin aluminum angle 
sides. Ethylene dichloride is good 
solvent for gluing acrylic. 


BELL - Suspend metal hemisphere or bell 
from monofilament fishing line between 
two parallel metal plates connected to 
electrostatic generator. Bell carries 
charge from one plate to another when 
field applied. 


NOTE: Even electrically neutral balls 
or bell are attracted toward nearer 
plate because of INDUCED charge. 


FL PFa 


RELATED REFERENCES 
AJP 53, 552 (1985) - Discussion of charge density in static vs. current electricity. 


Ease of Setup/Construction: A/B 
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ELECTROSTATICS E-065 
Electric Fields "Velveteens" and Grass Seed 


DEMONSTRATION 

Place solution in open acrylic dish with models of electrodes; disks, 
rings and bars. Use overhead for larger classes. Connect leads from 
electrostatic generator to two model electrodes. "Velveteens" are 
shearings from face of velvet. When mixed in mineral oil, velveteens 


will align with electric field but are restrained from rapid motion by 
oil’s viscosity. 


GRASS SEED of long, narrow variety such as Fescue 31 onto acrylic 
bottom of ball dance box in E-060. Connect plates to electrostatic 
generator and tap base lightly to assist seed in rotating against 
friction so as to align with field. Alternate is to sprinkle seed onto 
2-D configurations of electrodes made of heavy Al foil glued to window 
panes. Cut foil in interesting electrode shapes and connect foils to 
electrostatic generator. 


IDEA - Use contour maps to teach electric field and potential. Ref. 
TPT 28,499 (1990). 


RELATED REFERENCES 


AJP 56, 510 (1988) - "Electric Field Lines Near an Oddly Shaped Conductor ina 
Uniform Field" 


Ease of Setup/Construction: A/C 
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ELECTROSTATICS E-085 
Induced Charges Attract 2x4 with Rod-Roll Can 


DEMONSTRATION 

Place wood 2x4 of length 2 m with narrow edge on inverted watch glass 
as low friction pivot. Place charged acrylic rod parallel to long axis 
of 2x4 to rotate 2x4 on pivot by electrostatic attraction (induced). 
Cause motion to cease and reverse by placing rod near opposite face of 


2X4. Repeat with rod having sign of opposite charge to prove 2x4 not 
initially charged. 


Charge acrylic or Teflon rod or plastic golf tube (See E-015) with 
plastic bag. Bring rod near metal can to attract opposite charges to 
near side of can leaving like charges on far side. Force between near 
charges is stronger by inverse square law. Hence attractive force 
exceeds repulsive and can rolls toward rod. Repeat with rod of 
opposite charge to show can was not initially charged. Cans of 
seamless aluminum preferred because they are light and roll easily. 


EXPLAIN charging by induction and contrast that in metals (conductors) 
and in non-metals (non-conductors). 


RELATED REFERENCES 


TPT 30, 400 (1992) - "Three Inexpensive High-Voltage Electricity Demonstrations" - 
charge detector, static electricity source and homemade lightning ball. 


Ease of Setup/Construction: A/A 
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ELECTROSTATICS 
Induced Charges 


RELATED REFERENCES 


E-090 
Water Stream & Charged Balloon 


DEMONSTRATION 

Bring charged rod, acetate sheet or hair comb 
close to fine water stream issuing from lab 
faucet equipped with adapter for hose 
connection or by using glass tubing drawn to 
fine point in flame. 


BALLOON of rubber or plastic can be charged by 
rubbing briskly on hair, trousers, cloth or 
plastic and then stick to chalk board or to 
hair. This illustrates attraction of charged 
body (balloon) to induced charge produced on 
an initially uncharged object. 


TPT 28, 102 (1990) - He-filled mylar balloons taped to Van de Graaff with conducting 


tape. 


Ease of Setup/Construction: A/A 


03--93 
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ELECTROSTATICS 
Zero Field 


RELATED REFERENCES 


E-115 
Faraday Ice Pail 


DEMONSTRATION 

Attach metal beaker to electroscope and charge it 
either positively or negatively. Use metal ball 
mounted on insulating handle as proof plane to 
remove charge from beaker by touching it either 
inside or outside and then grounding it before 
touching beaker again. When touched on inside, no 
change occurs in electroscope deflection showing 
no removal of charge. When touched on outside, 
charge is removed. Shows that charge resides on 
outside surface of conductor. 


IDEA - Place grounded wire cage over charged 
electroscope and show that any number of charged 
bodies brought near screen produce no effect on 
electroscope as long as it remains grounded and 
objects remain outside cage. 


TPT 27, 686 (1989) =- Lower transistor radio down into metal bucket -= compare with 


using plastic bucket. 


Fase of Setup/Construction: B/C 


01--93 
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ELECTROSTATICS E-135 
Charging By Induction Electroscope-Leaf & Electronic 


DEMONSTRATION 

Charge electroscope (Braun shown) 
with negative rod by induction and 
use same negative rod to show 
difference in response of this 
electroscope to one charged by 
contact with negative rod. When 
using leaf electroscope and 
charging by contact, use rod 
having small charge and touch 
carefully to prevent damage to 
leaf. Discuss how electroscope 
detects different kinds of charge. 


CHEAP MODEL electroscope made from 
soft drink can set inside styro 
cup as insulating base. Tab on can 
used to support strip of thinnest 
Al foil available. [Ref. TPT 28, 
620 (1990)] Kitchen foil will 
work but thinner foil on gum 
wrapper is better. (Peel foil from 
paper backing.) Golf tube (as in 
E-135) rubbed on plastic roasting 
bag or Radio Shack bag produces 
good charge. Also try bringing bag 
up to can to show bag is also 
charged. 


Electronic electroscope - See The 
Science Teacher, Jan. 1990 p.33. 
Charged object turns FET on/off to 
light red or green diode. 


RELATED REFERENCES 

TPT 22, 396 (1984) - "Electrostatics with Soft Drink Cans" - Details for making 
electrophorous and for making Braun-type from can. Also simple ice pail and 
capacitor from styro cups. 


Ease of Setup/Construction: A/C 


DICK and RAE Physics Demo Notebook 


03--93 Copyright 1993 by DICK and RAE, Inc. 


ELECTROSTATICS 
Charging By Induction 


‘RELATED REFERENCES 


E-140 
Electrophorus 


DEMONSTRATION 

Glue unwanted phonograph record about 
30 cm dia onto flat, insulating base. 
Attach insulating handle to center of 
1 mm thick Al disk of same dia. Charge 
phono record by rubbing with fur or 
cloth and cover with piece of thin 
acrylic. Al disk may now be placed on 
top of acrylic and charged repeatedly 
by induction with no loss of charge 
from phono record. 


EXPLAIN source of energy to separate 
Charge because many students believe 
conservation of energy is violated 
here. 


TPT 29, 50 (1991) - Fluorescent tube used to detect charge transfer on 


electrophorous plate. 


Ease of Setup/Construction: 


A/B 
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ELECTRIC POTENTIAL E-160 
Electric Field Generator Van de Graaff Generator 


DEMONSTRATION 

Uses principle of Faraday ice pail to 
transfer charge to inside of metal 
sphere where it moves by conduction to 
outside producing high external fields. 
Rubber or plastic belt transfers charge 
up insulated column from bottom to top. 
Plastic of type used in "Police Line - 
Do Not Cross" works well (TPT 27, 326 
(1989). Belts stretch over time. 
Releasing tension between uses may 
help. Theory & maintenance discussed in 
TPT 28,281 (1990) including 16 refs. 


"GEORGE" By G. Freier 
fe fe a 
CHARGES WILL ALWAYS ATTRACT 
OR REPEL BUT DURING WET WEATHER \o7 ¢ 


ONE SOMETIMES GETS STRANGE RESULTS 7 7 / 


$ 
Me 


from an idea by George L. Hazelton 


RELATED REFERENCES 


TPT 26, 
TPT 26, 
TPT 27, 
TPT 29, 


265 (1988) - Alternate for replacement brushes. 

446 (1988) - Demo flying imitation fur "bat". 

358 (1989) - Spheres and fur using Van de Graaff. 

225 (1991) - Simple electrostatic generator using induction principle. Won 


2nd place in 1990 competition. LP record on turntable has 4 soft drink cans upright 
as exchangers of charge. 


Ease of Setup/Construction: A/C 


03--93 
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ELECTRIC POTENTIAL E-180 
High Electric Field Dielectric Breakdown - Spheres 


DEMONSTRATION 

Connect electrostatic generator (Dirod by MacAlaster shown here) to 
pair of sphere electrodes with adjustable gap between them to show 
increased breakdown potential as gap increases. Typically about 30 kV 
per inch. Breakdown also depends on sphere diameter and, to a lesser 


extent, on pressure, humidity, and any ion sources present. See S-135 
also. 


RELATED REFERENCES 


AJP 56,510 (1988) - "Electric Field Lines Near an Oddly Shaped Conductor in a 
Uniform Electric Field" 


Ease of Setup/Construction: B/C 
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ELECTRIC POTENTIAL E-185 
High Electric Field lons Deflect Flame-lonic Drive 


DEMONSTRATION 

Place lighted candle between plates of parallel plate capacitor 
connected to electrostatic generator. Predominantly positively charged 
ions in candle flame are "blown" toward negative plate. More 
pronounced effect when sharp point replaces positive electrode plate. 


Show principle of ionic drive space engine with sharp pointed metal 
pinwheel which can rotate freely. Note only one electrode connection 
to electrostatic generator is needed. More rapid rotation produced if 
connected with positive polarity. 


NOTE when discussing ionic drive that explanation differs depending on 
whether wheel is in vacuum (few surrounding molecules which could 
become charged and interact) or at atmospheric pressure where 
interactions matter. In latter case, pinwheel rotates like water 
sprinkler, where impact of ions on pinwheel are significant. 


RELATED REFERENCES 
TPT 25, 469 (1987) - "Electostatic Whirligig" with toothpicks and foil balls. 


Ease of Setup/Construction: A/C 
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ELECTRIC POTENTIAL E-190 
High Electric Field Smoke Precipitator 


DEMONSTRATION 

Connect leads from electrostatic generator to aluminum foil bands at 
top and bottom of soft drink bottle. Place lower end of bottle over 
smoldering cigarette until smoke is seen emerging from bottle mouth. 
Turn on generator to see smoke dispersed and precipitated by 
attraction of ionized smoke particles. After several uses note 
discoloration accumulating near pin points. 


CONSTRUCT by cutting bottom off 2-liter soft drink bottle just above 
thick black base. Use glue stick to attach 3-cm wide band of Al foil 
around outside of bottle just above this cut. Attach similar band near 
upper end of bottle. Insert push pins thru band so sharp points 
protrude inside bottle (6-8 pins spaced equally around each band). 
Idea from 1992 PTRA workshop in Maine. 


Commercially available device has many sharp points in base connected 
to one electrode of electrostatic generator with single upper point 
connected to other electrode. Tobacco smoke is blown into chamber 
before generator is energized. 


APPLICATION is polution control by precipitating carbon and other 
particles out of large smoke stacks. Profits from Cottrell’s original 
process led to establishment of Research Corporation which uses 
endowment for grants to academia. 


* g SAFETY NOTE " j 
A rani! excess smoke dispersed in classroom. Also beware of shocks from electrostatic 
machine. 


Ease of Setup/Construction: A/B 
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ELECTRIC POTENTIAL E-195 
High Frequency Excitation Tesla Coil & Fluorescent Tube 


DEMONSTRATION 

Have assistant touch Tesla coil to one end of 25W or 40W fluorescent 
' tube held near opposite end by demonstrator. Demonstrator slowly 
slides one hand toward coil-activated end. Length of lighted portion 
of tube decreases as hand is slid along tube. Demonstrator is serving 
as low voltage, almost grounded, end and Hg vapor in tube is excited 
in region between demonstrator’s hand and coil tip. 


s i SAFETY N OTE i - 
Tesla coils produce nasty and surprising shocks. USE CARE, especially around 
grounded pipes. 


Ease of Setup/Construction: B/B 
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ENERGY STORAGE E-210 
Change in Capacitance Sphere Gap Plus Capacitor 


DEMONSTRATION 

Use pair of spheres with adjustable gap to show thin but frequent 
sparking (low energy). Add capacitor such as Leyden jar or Al plates 
separated by acrylic insulator, in parallel with gap to induce fatter, 
less frequent spark discharges of higher energy. 


IDEA - To show large (and potentially dangerous amount of energy 
dissipated in discharge, use 10 microfarad-1 kV capacitor charged to 
about 800 V. Disconnect from source and then short capacitor with 
large screwdriver. 


DISCUSS danger in working around automobile battery terminals because 
large amounts of stored energy can be dissipated quickly when 
accidental short occurs from tools or wires inadvertently connecting 
two terminals together. Batteries sometimes EXPLODE if excess hydrogen 
gas is present in cells from recent charging or discharging. 


RELATED REFERENCES 
TPT 25, 292 (1987) - Dissectible capacitor experiment. 


TPT 26, 9 (1988) =- Comment on above reference. 
TPT 26, 169 (1988) - Using square wave and 2 transistors to measure capacitance and 
dielectric constant. 
TPT 30, 22 (1992) - Flexible capacitor made from sheets of Al, paper and Mylar 
connected to 200 V or more. Causes wrinkled Mylar to flatten against paper. 

j i SAFETY NOTE " ii 


WARNING - Small screwdriver may be damaged upon dissipation of large energy stored. 
Safety glasses recommended and USE CARE with high voltage sources. 


Ease of Setup/Construction: A/C 
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ENERGY STORAGE E-240 


Capacitors Relaxation Oscillator 
4.3 Mi 
180v 0.68 WE-Z 
2.00 |VDe Bulb 


i 
/ 22 


~~ 7 


NEDA 204 90 VOLTS 


EVEREADY 


DEMONSTRATION 


Use 0.7 microF-200V capacitor charged to 180 V as energy source for 
relaxation oscillator. Blinking lamp of oscillator shows that energy 
stored in capacitor is used very slowly. NE-2H bulb works but is not 
easily seen in large room. Older type AR-1 (argon) or NE-45 or NE-58 
is better. Typical values shown. As battery charges capacitor, V rises 
in bulb which "fires" at ~80 V. This discharges battery, V drops, bulb 
extinguishes ~65 V, and process repeats. See E-400 for more complex 
oscillator called "Encabulator". 


SURGE from battery charging capacitors can be shown with 6V source in 
series with flashlight bulb and two large capacitors (100 microF ea) 
in parallel. Tap wire to battery (A) and hold to show surge decreases 
to value too low to light lamp. Then tap same wire back to capacitor 
(B) to show surge as capacitor discharges thru bulb. 


Uy. 


” * SAFETY NOTE ™ * 
USE CARE with exposed leads from any high voltage supply. 


Ease of Setup/Construction: A/C 
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ELECTRIC CURRENT E-260 
Change in Conductivity Pigtail Socket - Salt Solution 


DEMONSTRATION 

Use electrician’s "pigtail" socket spliced to AC line cord as shown to 
give visual indication of conductivity due to ionization. Sugar 
solution (no free ions) will not conduct. Water conducts poorly but is 


improved by adding salt. Use bulb of low power rating (higher 
resistance) for best results. 


CONSTRUCT by cutting one of two wires near center in order to splice 


in line cord as shown. Tape wires to popsickle stick for rigidity and 
USE TAPE to cover exposed splice. 


ALTERNATE is to fabricate two metal plates with ears to hang over edge 
of battery jar or large beaker. Connect plates in series with lamp 
socket (as detector of current and for safety in case plates touch 
accidentally) and AC plug. Use solutions as above. 


RELATED REFERENCES 
AJP 53, 1011 (1985) - Humidity sensor uses conductivity of silica gel as detector. 


i ” SAFETY NOTE + * 
USE CARE with any connection to 120 VAC line, especially because electrode tips 
and/or plates are exposed. 


Ease of Setup/Construction: A/B 


DICK and RAE Physics Demo Notebook 


02--83 Copyright 1993 by DICK and RAE, Inc. 


ELECTRIC CURRENT E-280 


Ohm’‘s Law Heat Lamp on Bulb Filament 


DEMONSTRATION 

Carefully remove glass envelope from 200W incandescent bulb. Connect 
digital meter to filament to show resistance variation with 
temperature. Heat lamp produces change from about 5 to 100 ohms. Can 
also hold high above Bunsen flame. Hair dryer not as good because 
blower vibrates lamp filament. Use TV for large class. 


CALCULATE resistance when hot based on bulb rating and compare with 
highest reading obtained with heat lamp. 


R = Ro (1 +a AT) where & is temperature coeff. of resistivity. 


RELATED REFERENCES 


TPT 25, 200 (1987) - Resistor code mnemonic of "Bad Boys . . -" replaced by "Beetle 
Bailey Ran Over Your General Before Very Good Witnesses". 


Ease of Setup/Construction: A/C 


DICK and RAE Physics Demo Notebook 


03--93 Copyright 1993 by DICK and RAE, Inc. 


ELECTRIC CURRENT 
Resistance Analog 
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RELATED REFERENCES 


E-300 | 
Bed of Nails with Steel Balls 


DEMONSTRATION 


Ball bearings, 1/4" dia or less, moving 
thru maze of nails simulate current flow in 
wire. Nail spacing and ball size determine 
mean free path. Use different number balls 
to show change in number of charge 
carriers. Incline board at different angles 


to show effect of different applied EMFs 
(drift velocities). 


CONSTRUCT using about 3100 nails prepared 


and inserted as described in F-035 for seat 
of nails. 


TPT 25, 34 (1987) - Resistance demo using Pasco conducting paper shows effect of 


holes, wetting, stressing, etc. 


Ease of Setup/Construction: 


03--93 


A/c 
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ELECTROMOTIVE FORCE E-320 
Electrolytes Lemon Battery 


Lemon Battery 


As Load Increases 


0 0.1 0.2 0.3 0.4 0.5 
Current milliamperes 


DEMONSTRATION 


Roll lemon until it becomes mushy and insert strip of galvanized iron 
and copper 90-120 deg apart. Read EMF (~0.9 V) with digital meter. 


Handbook of Chemistry and Physics has "Electromotive Force Series of 
Flements" which shows Zn as +0.76 V with Cu as -0.47 V, relative to 
standard electrode. Hence Zn/Cu, as in Daniell cell, should have EMF 
of 1.13 V using more conventional electrolytes. Interestingly, 
handbook notes all metals subject to rust with comparative ease, down 
to Cu, but no rusting below Cu in series. 


RELATED REFERENCES 
TPT 26, 60 (1988) - Application of lemon power for Radio Shack buzzer. 
TPT 28, 329 (1990) - "The Lemon Screamer, the Lasagna Cell and the Physics Teacher" 


- Electrochemistry of lemon cell. Applications given including Al/stainless "cell" 
from lasagna. 


Ease of Setup/Construction: B/A 
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ELECTROMOTIVE FORCE E-340 


Energy Sources Thermoelec.Magnet & Solar Cube 


DEMONSTRATION 

Photovoltaic cells drive small DC motor. 
Radiation from 100W lamp or placing in 
field of overhead projector is sufficient. 
Also responds to pulse from photoflash. 


THERMOELECTRIC MAGNET commercially 
available uses double junction copper-iron 
thermocouple to produce EMF sufficient to 
sustain large current in single turn of 
large cross section around ferromagnetic 
core. One junction heated by burner while 
circulating water (or plate in crushed ice) 
cools other junction. Will easily support 
15-20 kg. 


RELATED REFERENCES 


TPT 24, 488 (1986) - Measuring internal resistance of solar cell or cells (See solar 
cube in H-188). 
TPT 24, 492 (1986) - Discussion of load matching to internal resistance of power 
source. 

S ”" SAFETY N OTE js m 


When supporting large mass on magnet position apparatus so hanging mass is close to 
table in case magnet keeper loosens unexpectedly. 


Ease of Setup/Construction: A/C 
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DC CIRCUITS E-360 
Internal Resistance and EMF Lemon and Human Batteries 


DEMONSTRATION 
Connect lemon battery described in E-320 in series with variable 
resistor, R, and ammeter. Place voltmeter across "battery" or R (same 
value). Take data to plot graph of V vs I. Concentrate on high R & low 
I. For this range graph is nearly linear with voltage intercept being 
battery EMF (E) and slope being negative of internal resistance 
(perhaps 1500-2000 ohms for lemon). Can use above method with power 
supply or chemical battery, remembering not to put it under excessive 
load. When done for AC supply, internal quantity measured is impedance 
which includes more than resistance. Discuss equation of line and how 
to choose coordinates to be plotted to yield straight line graphs. 

V = E - rI, where r is INTERNAL resistance. 


HUMAN BATTERY formed by placing one hand on Cu sheet and other on Al 
or Zn sheet (galvanized Fe). Connect digital meter between two sheets 
and read EMF. (~0.8 V for copper-zinc) Lemon in E-320 is ~1 V. Why is 
person not worth a lemon? Use one palm from each of two people, 
holding one another’s other hand and not holding hands. DISCUSS open 
circuits or ones of VERY HIGH resistance. 


INTERNAL RESISTANCE of a No.6 DRY CELL INTERNAL IMPEDANCE of AC SUPPLY 


| 


Terminal Voltage — Volts 
: = | ee a i 
Terminal Voltage — Volts AC 


0 0.05 0.10 015 020 0.25 030 035 040 0.45 0 0.05 0.1 0.15 
Current - Amperes Current - Amperes AC 


RELATED REFERENCES 


TPT 24, 488 and 492 (1986) - Above technique applied to solar cell and discussion of 
matching load to internal resistance of supply. 
TPT 26, 10 (1988) - Maximum power transfer vs. efficiency. Examples given for audio, 


TV cable, and discussion of power vs voltage. 


Ease of Setup/Construction: B/C 
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DC CIRCUITS 
Kirchoff’s Laws 


RELATED REFERENCES 


E-380 
Simple Circuit 


DEMONSTRATION 

Solve simple circuit, then show by 
measuring currents and voltages with 
digital meters that theoretical values 
are confirmed. 


DISCUSS errors in measurement and meter 
errors and their propagation thru 
calculation. 


IDEA - Battery "pack" out of Polaroid 
instant film makes useful source of 
EMF. 


AJP 54, 282 (1986) - Radio Shack meter disassembled so LED unit can be placed on 
overhead. 
TPT 26, 578 (1988) - Equivalent resistance of n-terminal network joined two-by-two 


with identical resistors. Reduction to simple network. 


Ease of Setup/Construction: 


B/C 
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DC CIRCUITS E-400 
RC Circuit Relaxation Oscillator w/Scope 


DEMONSTRATION 

Close switch and observe regularity of bulb flash. Open switch and 
connect oscillocsope terminals to capacitor terminals. With sweep set 
at about 20 V/cm ON DC INPUT to scope, close switch and observe 
voltage across capacitor as function of time. 


CONSTRUCT as shown in diagram. NE-2H bulb will work but more light can 
be obtained from older AR-1 (argon) or NE-45, NE-58 or NE-68. 


APPLICATION is flashing yellow caution lights used on construction 
projects. 


Circuit shown below incorporates four NE-2H bulbs to flash randomly. 
As SPOOF refer to "Nuclear Encabulator (Half Wave) for Measuring 
Anatomical Sphericity". Use care when blinking! 


© NE-2e er Eqguivaleat 
HH 0.68 mF Z200¥V 


Ease of Setup/Construction: B/B 
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DC AND AC CIRCUITS E-405 
RC Circuit Chg. and Dischg. - Square Wave 


36 KA. Ol pF 


V=BV (P-P) 
f= 200-500 Hz 


DEMONSTRATION 

Place digital voltmeter across capacitor and measure change of voltage 
with time for circuit with long time constant. Typical values shown. 
Time constant, RC, is time for charge or voltage on capacitor to rise 
to 63.2% of maximum. 


ALTERNATE uses square wave generator to provide constantly reversing 
polarity. Connect DC INPUT on scope to generator to show sharp rise 
and fall of voltage. Load generator with capacitor and resistor and 
observe change of voltage across each of components with time. Typical 
values shown. 


RELATED REFERENCES 
TPT 25, 492 (1987) - Measuring charge transfer without integration. 
AJP 57, 630 (1989) - Good experiment on charging capacitors. 


Ease of Setup/Construction: B/C 
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POWER E-425 
AC Circuit Hot Dog Cooker 


DEMONSTRATION 

Insert ALUMINUM nail (as 
used for cooking potatoes 
in microwave) in each end 
of hot dog. Place hot dog 
in glass or ceramic dish 
for insulation from 
ground. Then connect 120 
VAC to forks in series 
with AC ammeter. 
Voltmeter, although 
desirable, is not 
necessary if usual line 
voltage is known. Measure 
current (& voltage) vs 
time to calculate 
resistance and power vs 
time. This can be 
correlated with visual 
appearance. USE CARE with 
EXPOSED NAILS! Make lunch 
lab out of this one 


HOT DOG COOKER - Sample Data 


120 VAC - USE CARE WITH EXPOSED TERMINALS trying different brands 
Observed Calculated of dogs! 
TIME CURRENT CURRENT Avg.Pwr Avg.Res 
sec amp amp watt ohm STEEL NAILS SHOULD NOT BE 
Trial 1 Trial 2 36K cold USED because of the 
0 0.60 0.55 69 209 chemicals and traces of 
10 0.75 0.65 84 171 other metals remaining 
20 0.95 0.80 105 137 from manufacturing and 
30 1.20 1.10 138 104 shipping. 
40 1.35 1.25 156 92 
50 1.42 1.42 170 85 steaming 
60 1.35 1.50 171 84 
70 1.40 1.40 168 86 swelling 
80 1.35 1.28 158 91 
90 1.30 1.30 156 92 
100 1.25 1.25 150 96 
110 1.18 1.18 142 102 
120 1.10 1.10 132 109 split 


RELATED REFERENCES 


TPT 31, 48 (1993) - "Resistance Measurements Using Play-Doh" - Lab using cylinders 
of different length, diameter and color. 
* * SAFETY NOTE * * 


120 VAC can be LETHAL under certain conditions. DO NOT touch exposed wires, leads or 
nails when circuit is energized. 


Ease of Setup/Construction: B/A 
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POWER E-430 
AC Circuit Which Lamp is Brighter? 


DEMONSTRATION 

Place two or three lamps 
in series. Use 15W to 
150W lamps in separate 
sockets having terminals 
for connecting them in 
series. Predict what 
should happen when 
combination is placed 
across 120 VAC or DC. All 
carry same current in 
series so lamp with 
higher resistance (lowest 
power rating - 15W in 
upper right) has higher 
voltage and will be 
brighter. Voltmeter 
reading on each gives 
comparison of color 
temperature for various 
voltages. USE CARE with 
EXPOSED LEADS. 


RELATED REFERENCES 
TPT 28, 30 (1990) - Collection of data on variety of bulbs. Measurements of filament 


temperature via resistance, efficacy (lumens/W) vs power, lifetime with 23 
references. 


TPT 30, 90 (1992) - Comparison of fluorescents and incandescents as to price, power, 
flux, efficacy, life and economics for 10,000 hours use. 
+ " SAFETY NOTE " à 


120 VAC can be LETHAL under certain conditions. USE CARE when circuit is energized. 
Ease of Setup/Construction: B/B 
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POWER E-450 
Resistance and Temperature Light Bulbs Cold and Hot 


DEMONSTRATION 

Measure hot and cold resistance of range of bulbs from 25W to 200W 
with digital meter. Use P = V*V/R and show R inversely proportional to 
P. COMPUTE R(hot) to show change of R with temperature. 


QUESTIONS: Does difference in color of bulbs of lower watt rating 
indicate any difference of temperature? Cooler bulbs have higher 
preponderance of reds and infra red. What is the effect on efficacy or 
lumen output per watt of electrical power. To observe this visually, 
try raising voltage above 120 V using autotransformer of type which 
can boost voltage to about 135 V. Longer term effect of operating at 
this voltage is to shorten bulb life. So-called long life bulbs 
operate at lower temperatures. Longer life can be obtained using 130V 
commercial bulbs operated at 120 V. For low-wattage pilot bulbs, 


lifetime varies as 12th power (!) of voltage difference between rated 
V and operating V. 


RELATED REFERENCES 
AJP 53, 546 (1985) - 1.2 root of lamp resistance predicts temperature ratio. 


. s SAFETY NOTE ” “4 
7120 VAC can be lethal under certain conditions. USE CARE when circuit is energized. 


Ease of Setup/Construction: B/B 
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POWER E-470 
Ln V vs Ln | Light Bulbs and Log-Log Plot 


DEMONSTRATION 
Use slide-type lamp dimmer or 


data on V vs I from 5 to 135V. Plot on 
log-log paper to get straight line. Try 
15W, 25W, 60W, etc. Curves below are 
labeled with power ratings from 4-300 W. 


PLOT curve of ln V vs ln I to get equation 


intercept. Remember on log-log plot, slope 
is 1ln(V,/V;)/in(Iz/I;) and "intercept" (Vo) 
is value of V when I=1 and therefore 
depends on units used for I. 


Electric Lamps - GE 


x 


on 


WG A 


Natural Log of Voltage in AC Volts 
N 


-6 —5 —4 = -2 =] 0 1 
Natural Log of Current in AC Amperes 


RELATED REFERENCES 

TPT 31, 102 (1993) - I vs V plots for carbon resistor, incandescent bulb and LED 
used to support thesis that Ohm’s "Law" is not an eq. but statement of 
proportionality. 


* x SAFETY N OTE si ‘ 
7120 VAC can be LETHAL under certain conditions. USE CARE with any exposed leads. 


Ease of Setup/Construction: A/A 
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NOTES 


NOTES 


MAGNETISM 
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MAGNETIC FIELD B-010 
Vector Nature Paper Clip Detector 


DEMONSTRATION 

Use as detector of magnetic field of 
magnets. Point out that because clip is 
induced magnet, rather than permanent, 
it will align anti-parallel OR parallel 
to field, i.e., "arrow" is tangent to 

A yy field lines. Works best with stronger 
a as a ere -~ magnets. 


CONSTRUCT by straightening STEEL paper 
clip leaving a single loop on which to 
attach string. Seal between two sheets 
paper or vinyl tape cut to shape of 
arrow. 


RELATED REFERENCES 

TPT 25, 469 (1987) - Rectangular Radio Shack magnets illustrate dipole repulsion. 
TPT 26, 572 (1988) - Three demos in VERTICAL plane viewed with overhead projector 
including ball bearing and clip. See also AJP 49, 1185 (1981). 


Ease of Setup/Construction: A/A 
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MAGNETIC FIELD B-015 
Force on Moving Charges Oscilloscope Beam-Dischg. Tube 


DEMONSTRATION 

Use old, cheap oscilloscope to show electron beam spot may be 
deflected on tube face as magnetic pole is brought close to scope. Can 
also deflect with compact solenoid carrying current. Apply vector 
direction rules as appropriate. 


DISCUSS magnetic deflection in TV sets. CAUTION students not to try 
this with personal TV sets. 


ALTERNATE is commercially available tube, excited by induction coil, 
which produces electron beam axially against fluorescent plate so beam 
direction can be observed. Beam can be deflected by relatively weak 
magnet (cylindrical, bar or horseshoe) to show vector nature of 
magnetic force on NEGATIVELY charged particles. 


RELATED REFERENCES 
TPT 27, 684 (1989) - "The Right Hand Rule Made Visible" - Salt solution in Petrie 


dish with rectangular magnet over nail in vertical axis. Pepper as detector of 
motion. 


AJP 59, 1008 (1991) - Analog for Faraday’s Law. Fluid confined to tubing analagous 
to charges confined to wiring. 
. si SAFETY N OTE ” ” 


Induction coils produce voltages high enough to produce soft X-rays. Some schools 
prohibit use of discharge tubes. Keep back from tube except when bringing magnet up 
with outstretched hand. Voltage across tube can produce painful shock. USE CAUTION 
appropriate for this apparatus. 


Ease of Setup/Construction: B/C 
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MAGNETIC FIELD B-020 


Force on Conductors Wire Current-Vibrat. Filament 


DEMONSTRATION 

Hang current bearing wire in field of 
strong magnet to show effect of 
transverse force. Connect FLEXIBLE wire 
and switch to 2 or 3 No.6 dry cells or 
lab supply capable of up to 5 A. Arrange 
wire to hang loosely in field and BRIEFLY 
close and open circuit. If magnet is 
weak, place iron "keeper" across poles to 
increase B. Reverse magnet and/or battery 
connection to show effect of direction. 
Discuss F = qv x B. 


VIBRATING FILAMENT - Bring moderately 
strong magnet up to line filament 
"Showcase" or aquarium lamp operated on 
120 VAC. 25W lamp has higher resistance 
than 40W lamp and is therefore 
mechanically stiffer. Sufficiently strong 
field will cause filament to oscillate 
rapidly between supports. DO NOT get 
magnet TOO CLOSE or filament will break 
due to violent oscillation. 

Use lens to project larger image if 
necessary. 


“GEORGE” By G. Freier 


You Simeny PowT THe INDEX FINGER OF THE LEFT 
HAND ALONG B, THE SECOND FINGER ALONG I, ANO 
THE THUMB WiLL THEN POINT IN THE DIRECTION OF THE 

FORCE 


RELATED REFERENCES 
TPT 25, 88 (1987) - Similar to upper demo but using AC at about 10 A. 
TPT 31, 20 (1993) - "Focusing Electron Beams at SLAC" - Theory involving BENDING of 


beams by dipoles vs FOCUSSING of beams by quadrupoles and finding focal length for 
positrons at relativistic speeds. 


Ease of Setup/Construction: B/B 
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MAGNETIC FIELD B-025 
Helmholtz Coil Direction of Field 


DEMONSTRATION 

Show field produced in central region of 
Helmholtz coils lies along coil axis. Use 
large compass needle supported on pivot 
point or use "see thru" Boy Scout compass 
(Taylor Instr.) and project on overhead. 


CONSTRUCT Helmholtz coils ~70-100 cm dia 
using welded Al channel. Wind each with 
~120 turns of wire capable of carrying 
about 20 A. Commercially available coils 
are usually sold for use with apparatus to 
measure e/m ratio of electron. 


THEORY shows field inside coils is 
reasonably uniform if coil spacing equals 
coil radius. 


RELATED REFERENCES 


AJP 54, 666 (1986) - "Modifying Helmholtz Coils to Magnetically Drive a Small 
Dipole". 

AJP 56, 478 (1988) - "Simple Demountable Helmholtz Coils". 

TPT 29, 311 (1991) - Place magnet in small test tube which has been inserted thru 


cork into larger bottle containing filings. Gives 3-D appearance to field. 


Ease of Setup/Construction: B/C 
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MAGNETIC FIELD B-030 
Helmholtz Coil Magnet & Solenoid as Detectors 


DEMONSTRATION 


Use Helmholtz coils described in B-025. Suspend bar magnet to detect 
presence of earth’s field and/or field inside coils. 


DISCUSS period of oscillation as means of finding relative field 


strengths. T = 2WVI/(MB) where I is moment of inertia, M is 
magnetic moment, and B is magnetic induction. 


IDEA - Use as giant tangent galvanometer to measure tangential 
component of earth’s field by aligning plane of coils with N-S line 


and using current, coil radius, and number turns to calculate field of 
coils. 


SOLENOID, energized by power supply, can also be used as detector of 
field. 


RELATED REFERENCES 
AJP 54, 89 (1986) - Hall effect transducer used as probe to measure B-field. 


TPT 25, 448 (1987) - Oatmeal box magnetometer used to measure earth’s field on polar 
ice cap. 
TPT 26, 53 (1988) - Three demos, one of which is compass with NO moving parts. 


Ease of Setup/Construction: B/C 


DICK and RAE Physics Demo Notebook 


04--93 Copyright 1993 by DICK and RAE, Inc. 


MAGNETIC FIELD B-035 
Helmholtz Coil Torque on Plane Coil 


DEMONSTRATION 

Use Helmholtz coils described in B-025. Suspend in Helmholtz field 
both flat and solenoid shaped coils made from about 100 turns copper 
wire (#20-#26 works well). Crude string suspensions are satisfactory. 
Battery eliminators providing up to 5 A provide good current sources. 
Small coils rotate until they align their magnetic moment with field 
produced by Helmholtz coils. 


GALVANOMETER can be made from flat coil used above by clamping on 
small coil spring to provide restoring torque to oppose deflection 
produced by magnetic field. Commercially available apparatus shown 
below can also be used for above effects. 


\ 
SSIS 
i 4 $ y% 45% 44 4 
fy A 7 
D J ; \ 


} 
A 


RELATED REFERENCES 
TPT 25, 248 (1987) - Crude galvonometer made from styrofoam cup. 


Ease of Setup/Construction: B/C 
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MAGNETIC FIELD B-060 
Repulsion Coupled Oscillating Magnets 


DEMONSTRATION 

Ring magnets, with proper pole orientation, can be placed on a common 
vertical axis to form oscillating system. Strong cylindrical magnets 
placed in low-friction cradles will also show coupling. 


IDEA - If 2 STRONG bar magnets several cm long are available, place 
them on sheet of rough sandpaper with like poles facing. Incline end 
of each so force of repulsion causes pair to suspend like poles in 
air, while opposite ends are "scotched" by sandpaper or emery cloth. 
Gently tap one to start oscillation and observe other respond. Ask 
advanced students about normal modes of system! 


RELATED REFERENCES 

TPT 25, 360 (1986) - Hall demo with hidden magnets. 
AJP 55, 986 (1987) - Damping of oscillating magnets. 
TPT 25, 568 (1987) - Walt Disney toy. 


Ease of Setup/Construction: A/B 
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MAGNETIC FIELD B-075 
Torque on Coil Duracell DC Motor & Nail Motor 
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DEMONSTRATION 

Place coil (armature) with ends thru looped wires at ends of battery. 
Place button or rectangular magnet on top of battery beneath armature. 
It may be necessary to give armature initial motion to start and 
adjustment of end loops may be necessary to keep coil from hitting 
magnet. Coil ends should be aligned so coil balances well in end 
loops. DO NOT LEAVE connected long because current drain is large! 


Si 
Er 


CONSTRUCT using two 16-cm lengths #12 or #14 solid wire as used to 
wire home receptacles. Strip off insulation and use pencil as mandrel 
on which to wind 1.5 turns to make combination end connector and 
support as shown. Attach these to ends of Duracell D battery with 
rubber band. Duracell has negative end protruding beyond case which is 
more convenient support. Stick rectangular magnet (Radio Shack) on 
side of battery to supply B-field. Armature is 6-7 turns #22 wire 
(enameled preferred for less bulk). Wrap ends around coil and bring 
out on opposite sides to make axis for suspending armature. Scrape 
enamel from end portion which is to rest on loops. Not necessary to 
scrape insulation 360 deg around wire. This current interruption and 
normal jiggling produces commutator action needed. Adjust so 
armature’s center of mass lies on axis to rotate freely. Speed can be 
enhanced somewhat if ends are scraped in regions to provide best 
phasing. From TPT 23, 172 and 308 (1985). 


NAIL MOTOR uses large nails as armature with coils of insulated wire. 
Rotor poles stuck into cork supported on glass medicine dropper to 
make low friction bearing on end of still another nail point. Two 
pieces shim stock taped to outside of glass make two-segment 
commutator. Brushes are ends of wire from stator coils (also wound on 
vertical nails). Power is four #6 dry cells. 


Ease of Setup/Construction: A/B 
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SOURCES OF MAGNETIC FIELD B-105 
Straight Wire Wire and Compass Needle 


DEMONSTRATION 

Place long compass needle near straight wire carrying current about 10 
A. Commercial model is inverted flat-bottom "U". If wire placed in N-S 
plane then compass aligns with wire in earth’s field with no current. 
Current produces B-field perpendicular to wire to add vectorially to 
earth’s field. Test by reversing I or with compass both above and 
below wire. Note that B for long straight wire must be modified, by 
calculus, to apply to regions close to short segments. 


DISCUSS properties of compass such as location of effective "pole" 
near, but not at, each end and torque on needle due to its magnetic 
moment, M. In non-uniform field each pole has different force on it. 


George by G. Freier Rule of Thumb 


TF YOU GRASP THE WIRE WITH THE RIGHT 
HAND CLOSEST TO THE POSITIVE TERMINAL AND 
THE LEFT HAND CLOSEST TO THE NEGATIVE TERMINAL 
THE THUMB OF THE RIGHT HAND POINTS IN THE 
DIRECTIO. OF THY zex CURRENT AND TRE 
THUMB OF THEY ( Can) 
EFT HAND IN \ OOP A 2: 
THE DIRECTION 

OF ELECTRON / 4 


— Se 


— 
BOTH SETS OF FINGERS ENCIRCLE THE WIRE 
INTRE DIRECTION OF THE MAGNETIC FIELD. THE 
RULE WORKS IN ALL POSITIONS ONLY IF 
THE THUMBS FACE EACH OTHER. 


RELATED REFERENCES 


AJP 56, 622 and 954 (1988) - Use of Hall effect transducer to illustrate Ampere’s 
Law. 


AJP 57, 90 (1989) - Variation on PSSC experiment with long straight wire. 
TPT 31, 92 (1993) - Subway rider observes unexpected behavior of compass needle. 
Currents of 5000 A produce 7-gauss fields at 1.5 m from track. 


Ease of Setup/Construction: A/B 
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SOURCES OF MAGNETIC FIELD B-110 
Mapping Field Magnet-Wire-Coil with Filings 


DEMONSTRATION 

For these four demos, use shallow acrylic 
tray on overhead to facilitate recovery 
of iron filings. Remember to tap tray 
gently to improve alignment of filings. 


MAGNET - Place bar, horseshoe or other 
Shape beneath tray. 


STRAIGHT WIRE - Fasten wire beneath tray 
and energize with 5-10 A from battery 
eliminator. 


SINGLE LOOP - Drill two holes in thin 
acrylic sheet to form half loop of wire 
(#14 or #16) from one to other above 
sheet. Sprinkle filings on sheet (in 
tray) to show alignment perpendicular to 
plane of semi-circle. 


SOLENOID - Drill multiple holes in thin 
acrylic sheet to allow threading wire 
thru them to form small solenoid. 
Remember small coil-to-coil spacing 
increases field strength. Use with tray 
as above. 


Commercial model uses filings suspended 
in mineral oil to display B-field of 
cylindrical magnet in 3-D. May be placed 
on overhead projector. 


RELATED REFERENCES 


AJP 55, 341 (1987) - Discussion of magnetic field in plane of loop, both on and 
off-axis. 
TPT 28, 244 (1990) - Visualize field using overhead projector. Magnet used over 


ziplock bag of iron filings and glycerol. 


Ease of Setup/Construction: A/C 
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SOURCES OF MAGNETIC FIELD B-115 
Earth’s Field 


NSTRATION MAGNETIC DIP NE , 
AND COMPASS R 


RELATED REFERENCES 


Needle - Floating & Dipping 


DEMONSTRATION 

Magnetize steel knitting needle by stroking 
it several times with strong magnet. Drive 

needle thru cork stopper and float on dish 

of water to indicate North. 


DIP NEEDLE is commercial model to indicate 
direction of earth’s field relative to 
horizontal - about 60-70 deg in most of U.S. 
NOTE to class that dip needle will NOT read 
90 deg at N or S pole of earth because 
earth’s "effective" poles are not only below 
earth’s surface but magnetic axis does not 
coincide with spin axis. Model showing bar 
magnet inside sphere may be helpful. 


APPLICATION by surveyors for locating iron 
pipe at property corners and as "stud 
finders" by sensing nails in wallboard or 
beneath plaster. Newer "stud finders" are 
electronic. 


TPT 28, 124 - Measure B at surface of magnet using bike spoke, pivoted at center, 
with one end attracted by magnet and other balanced with hanging weight. 


Ease of Setup/Construction: A/B 


03--93 
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SOURCES of MAGNETIC FIELD 
Forces Between Parallel Wires 


Ease of Setup/Construction: B/C 


B-120 
Slinky Spring 


DEMONSTRATION 

Place short length (about dozen 
coils) of Slinky Jr. (small dia) 
on slick table or stage of 
overhead and connect to No.6 dry 
cell or high current power supply 
MOMENTARILY. Low friction of loop 
on glass allows Slinky to 
contract because large parallel 
currents attract. Works better if 
adjacent loops are closely spaced 
and current is high. 


ALTERNATE is to use brass coil 
spring suspended vertically but 
this requires 25-30 A current. 
Projection lens useful to magnify 
image in large room. 


OLDER DEMO known as Roget’s 
Spiral has finer spring requiring 
less current but dipping into 
pool of mercury, which is 
hazardous because arcing as 
contraction breaks circuit causes 
Hg to vaporize into room air. Use 
not recommended. 
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FARADAY’S LAW B-205 
Motional EMF Magnet in Loose Coil 
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DEMONSTRATION 
Form 10-15 cm dia coil of 6-10 turns of AC line cord with parallel 
wires twisted together to reduce resistance. Connect to demo 
galvanometer. Note deflection as bar magnet is inserted and withdrawn 
at different speeds with differing magnetic poles inserted. Use excess 
loose wire to add (double) more turns to coil, increasing meter 
deflection. Show that moving either coil or magnet (relative motion) 
will induce EMF. 


Flux thru Single Turn = È» A and EMF = NB(dA/dt) + NA(dB/dt) 


RELATED REFERENCES 
AJP 55, 1126 (1987) - "Electromagnetically driven resonance apparatus" - Solenoids, 


magnet and spring used with oscillator to show resonance as well as damped 
vibrations. 


TPT 27, 218 (1989) - Coil of many turns with red-green diode as detector of 
polarity. 


Ease of Setup/Construction: A/C 
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FARADAY’S LAW B-210 
Motional EMF Jump Rope 


> 
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DEMONSTRATION 


Have two students turn "jump rope" to generate AC voltage of ~3 mV. 
Show on scope using sensitivity ~5 mV/cm with sweep ~0.2 s/cm. 
Remember to orient spin axis E-W to maximize signal. Can also show as 
oscillation on demo galvanometer but scope shows sine wave better. 
Because induced EMF results from vector cross product of velocity and 
field, max EMF occurs when wire is moving perpendicular to direction 
indicated by dip needle (which depends on latitude). At North Pole, 
this is when wire is moving horizontally (and there is no E-W, only 
South!). At Equator, max when wire is moving vertically. 


CONSTRUCT "rope" from ~12 m of AC line cord. Signal can about be 

doubled by cross-connecting one end of first wire to other end of 
second wire to effectively place two lengths in SERIES as shown below. 
EMF = NL [v x B| oscilloscope 
input 


section to be 
whirled 


student | student 2 
RELATED REFERENCES 
AJP 53, 89 (1985) - Train wheels on HO track near strong magnet induce EMF between 
rails. 
TPT 26, 276 (1988) - "Finding North the Hard Way" - A variation on a Sutton demo. 


Fase of Setup/Construction: A/B 
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FARADAY’S LAW B-220 
Induced EMF Solenoids-Primary & Secondary 


DEMONSTRATION 
Primary/secondary coil set 
available commercially or 
can be wound on 
non-magnetic rings or 
tubes. Secondary has many 
turns and may be wound 
directly over primary coil 
or as separate slip-over 
coil. Use low voltage DC 
source to pass current 
thru primary while 
secondary is connected to 

a “on 1 galvanometer to show EMF 
32 2s induced due to different 
tuu, ; rates of change of 
current, to reversal of 
primary current, and to 
various pri/sec coil 
geometries. 


CAN ALSO BE USED to show 
mutual and self inductance 
in DC and AC as well as 
transformer action using 
LOW voltage AC. 


CONSTRUCT using cores or 
tubes of convenient sizes 
with perhaps 350 turns on 
primary coil and 700 turns 
on secondary. Wire size 
#18 to #22. 


RELATED REFERENCES 


TPT 24, 438 (1986) - Application to ignition systems of both older and newer cars. 
AJP 55, 1148 (1987) - Experiment on sensing B field. 
* “ SAFETY NOTE # * 


If used with AC, limit voltage using 6 V filament transformer. Remember with 6 V on 


a of fewer turns, voltage on coil of many turns may be substantially higher. USE 


Ease of Setup/Construction: B/C 
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FARADAY’S LAW 
Induced EMF 


B-230 
Turns and Area Affect EMF 


DEMONSTRATION 

Use Helmholtz coils described in B-025 as 
flux-producing coils. Near axis of coils, 
place second set having various 
combinations of turns and areas. 
Combinations which work well are one coil 
10x20 cm (I) and two coils 20x20 cm (II 
and III), all having 100 turns. Wind so as 
to be as nearly coplanar as possible, 
thereby sensing same flux changes. Adding 
II to III doubles number of turns keeping 
area constant. Comparing II and I doubles 
area keeping same number of turns. 
Changing position of inner coils shows 
effect of orientation with respect to 
magnetic field. Flux from Helmholtz coils 
can be brought to zero by opening switch 
or reversing switch can be used. Latter 
method doubles flux changes. Note there is 
NO EMF when plane of coils parallel axis 
of Helmholtz coils. 


ALTERNATE is to use commercially available 
magnetic effects apparatus which has a 
variety of coils such as shown in B-035. 


"GEORGE" By G. Freier 


THE TWO VOLTMETERS 
ARE CONNECTED ACROSS 


itn. an 2 a a 
(THE TWO INPUTS HAVE THE 
\ SAME GAIN AND ARE CONNECTED 
~~ BETWEEN THE SAME TWO 


vedo hn, POINTS IN THE SECONDARY | 
ma RAC RUT YET THEVOUAGES 
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RELATED REFERENCES 

TPT 24, 423 (1986) - Expt using scope to measure earth's field from spinning coil. 
AJP 55, 379 (1987) - Flip coil to measure earth’s field uses cheap integrator 
circuit with scope to replace ballistic galvanometer. 


Ease of Setup/Construction: B/C 


03--93 
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FARADAY’S LAW B-240 
Motional EMF Piano Wire and Strong Magnet 


DEMONSTRATION 

Connect scope having high gain (few mV/cm) to ends of steel wire 
mounted between end posts insulated from one another. Locate strong 
magnet (such as magnetron magnet) at center of wire to produce strong 
localized field. Pluck wire with fingers to produce vibration, first 
parallel to B-field, then perpendicular. Remember most magnets have 
very little region where field is uniform. 

Gently bowing wire produces various harmonics depending on where 
bowed. Bowing near one end produces SQUARE wave! Bowing excites many 
harmonics but, because even ones have node at center, only odd 
harmonics produce induced EMF seen on scope. Because approximate 
square wave is sum of first few harmonic terms, apply bow about 1/14th 
to 1/18th of wire’s length. Requires slight practice. 


ALTERNATE, if scope gain is insufficient or magnet is weak, is to use 
impedance matching transformer taken from radio speaker. Connect 
speaker output coil (low Z) to wire ends and other coil (high Z) to 
scope. 


RELATED REFERENCES 


TPT 27, 673 (1989) - Use cheap guitar to get natural modes, mode shapes, waveforms 
for resonant excitation. 
TPT 28, 57 (1990) - Two magnets give pulses from plucked string allowing measurement 


of wave speed. 


Ease of Setup/Construction: B/C 
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FARADAY’S LAW B-250 
Generator-Motor Genecon 


DEMONSTRATION 
Commercial apparatus showing 
restraining torque as generator speed 
increases on resistive load, effects 
on generator as it coasts to stop, 
generator charging of capacitor 
followed by motor operation when 
capacitor discharges. Connect to 
red-green diode (LED available from 
Radio Shack) to show polarity reversal 
at slow speed, yellow at high speed. 
Use incandescent bulb to show 
brightening (larger V) with higher 
speed. Have student turn crank as bulb 
is being unscrewed from socket to feel 
change of torque required. Change bulb 
size also. 


RELATED REFERENCES 

TPT 25, 250 (1987) - Genecon "efficiency". 

TPT 26, 41 (1988) - Review article on uses and accessories. 
TPT 26, 555 (1988) - Efficiency as generator and as motor. 


Ease of Setup/Construction: A/C 
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FARADAY’S LAW B-260 
Elihu Thompson Apparatus Ring - Jumping and Heating 


DEMONSTRATION 

Elihu Thompson apparatus has numerous 
accessories and is commercially available. 
Key element is coil of many turns with 
adjustable iron core designed to operate on 
120 VAC. Core is about twice length of coil 
so half its length is always exposed. See 
B-270. Raise core so half protrudes above 
and place ring over core. Ring can be one 
used in B-280. Energize coil to throw ring 
into air. Connect digital voltmeter to ends 
of similar ring having saw gap to show 
induced EMF of several hundred mV between 
ends. 


HEAT ring by levitating or holding down 
over protruding core while coil is 
energized. Minute or so is sufficient. Use 
induced EMF reading above plus geometrical 
constants for ring to determine induced RMS 
current for solid ring. Can exceed 1000 A. 
Steam may be produced in hollow metal ring 
partially filled with water. 


IDEA - Compare heating effect and 
levitating height of similar rings of iron, 
brass, aluminum or copper. Compare these 
effects for rings of identical material but 
differing diameters or differing thickness 
or length. 


IDEA - Wrap single turn of wire around core 
and connect to voltmeter so as to determine 
induced EMF. Use 2 turns to show EMF 
doubles. Increase turns sufficiently to get 
1-2 V and then connect to tri-color LED 
(Radio Shack 276-035) which will glow 
yellow indicating AC. 


THEORY given in TPT 29, 552 (1991) - 10-pg 
article on levitation including ref to 
jumping ring in TPT 17, 40 (1979). 


RELATED REFERENCES 
AJP 55, 986 (1987) - Theory on jumping ring. 


i s SAFETY NOTE ji i 
These coils usually have exposed or partly exposed terminals for 120 VAC. USE CARE 
because such voltages can be lethal in some circumstances. NEVER operate coil with 
core removed or with 120 VDC. Impedance is so small without core that high currents 
may overheat coil. 


Ease of Setup/Construction: A/C 
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FARADAY’S LAW B-270 
Elihu Thompson Apparatus Attraction of Levitating Rings 


DEMONSTRATION 

Use large electromagnet, as in 
B-260, operated on 120 VAC with 
wire core extended upward over 
which aluminum ring is placed. 
Coil is usually part of Elihu 
Thompson Apparatus but can be 
wound separately. When second 
aluminum ring is added, first one 
rises to meet it. 


IDEA - Calculate ring resistance 
roughly using measured EMF on open 
circuit for a similar ring having 
cut thru it. Use this info to 
calculate eddy current. You are in 
for surprise! Aluminum or copper 
works better than iron because of 
lower resistivity. 


PHOTO shows voltmeter leads 
connected to open ring reading 
0.1339 volts. Calculations for 
this ring predict I(rms) > 1000 A. 
Remove rings and replace with 
several coils of wire. If number 
turns on each is known, numerical 
comparisons of induced EMF 
measured with AC meter are 
possible. 


RELATED REFERENCES 

AJP 54, 808 (1986) - "Floating Metal Ring in an Alternating Magnetic Field" - 
Theoretical explanation due primarily to phase GRADIENT, secondarily to phase 
DIFFERENCE. 


ii “ SAFETY NOTE a - 
DO NOT OPERATE coil without its iron core. Impedance without core is so low that 
coil overheats very rapidly due to high currents. 
BE CAREFUL of any exposed terminals with 120 VAC. 


.Ease of Setup/Construction: B/C 
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LENZ’S LAW B-275 
Elihu Thompson Apparatus Shaded Pole Induction Motor 


DEMONSTRATION 

Use Elihu Thompson coil in B-260 with core FLUSH with 
top of coil. To produce very non-uniform field, cover 
30-40% of core end with plate of copper or aluminum 
(2-3 mm thick). Over remaining exposed core, adjust 
position of beaker of water having hollow copper 
sphere floating inside. Adjust position of "shading" 
plate and spinning disk as necessary for greatest 


rotational speed. Ball will bob vertically while 
rotating. 


APPLICATION is magnetic induction stirrer used for 
stirring solutions in beakers. 


REPEAT using plate for shading but replace beaker with 
small non-magnetic disk mounted on low-friction 
bearings to simulate watt-hour meter operating 
element. Again adjust relative positions of shading 
plate and spinning disk to optimize rotational speed. 
Watt-hour meter must be sensitive to both current and 
line voltage. Magnetic field for its induction disk is 
supplied by coil connected in series and coil in 
parallel with house load. 


RELATED REFERENCES 
AJP 55, 986 (1987) - Theory on shaded pole along with other items. 


i ™ SAFETY NOTE i ii 
DO NOT OPERATE coil without its iron core. Impedance without core is so low that 
coil overheats very rapidly due to high currents. 
BE CAREFUL of any exposed terminals with 120 VAC. 


Ease of Setup/Construction: A/C 
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LENZ’S LAW B-280 
Eddy Currents Pump Ring - Cow Magnet 


DEMONSTRATION 

Suspend Al ring from bifilar suspension. By inserting and withdrawing 
one pole of bar magnet, it is possible to "pump" ring much as child 
"pumps" swing. Repeat using identical ring which has been cut thru to 
eliminate strong eddy currents. No effect. 


CONSTRUCT using length of Al conduit (scrap available from electrical 
contractor or utility). Typical size (cm) is 6.35 OD x 5.72 ID x 1.4 
long. Make 2 identical rings and cut thin saw gap in one. 


COW MAGNET dropped in Cu or Al tube has large eddy currents, induced 
in metal section-by~section as it falls, which impede motion. Magnets, 
available in farm supply stores, are forced down cow’s throat to rumen 
to attract iron "trash" accidentally ingested. Two models shown - one 
has single pair of poles; other is multi-pole. Newer neodymium magnets 
show more pronounced effect. AJP 60, 693 (1992) discusses eddy current 
theory showing fall time proportional to conductivity, wall thickness, 
magnetic moment squared and inversely to magnet weight and fourth 
power of tube radius. Comparison of drop times for pair of neodymium 
magnets: 0.5 s to drop 1.22 m in free fall vs 13 s in same length of 
K-type Cu 3/4" dia water pipe (wall thickness 1.7 mm). 


RELATED REFERENCES 

TPT 27, 50 (1989) - Variation of above ring demo using magnet, as pendulum, to swing 
between solid and split ring, each of which is free to swing. Former does; latter 
does not. 

TPT 28, 236 (1990) - Measurement of terminal velocity. 
TPT 30, 106 (1992) - Restraining force on magnet accompanied by downward force on 
tube. Plot of F vs t. 


`~ 


Ease of Setup/Construction: A/A 
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LENZ’S LAW B-285 
Eddy Currents Magnetic Braking with Disk 


DEMONSTRATION 

Arrange pendulum bob made of sheet 
copper or aluminum to swing between 
poles of permanent magnet. Bob comes 
quickly to rest. Similarly if 
permanent magnet is replaced by 
electromagnet carrying current. Shows 
effect of eddy current damping. 


REPLACE solid sheet with one having 
slots cut almost throughout its length 
to restrict eddy current circulation. 
Pendulum now swings freely with 
permanent or electromagnet. 


APPLICATION is magnetic brake on some 
beam balances and on some radial arm 
saws. 


IDEA - Rest strong permanent magnet 
(as used for magnetron tubes in old 
radar) on side at edge of table so 
pole gap overhangs. Drop solid and 
slotted sheets of Al or Cu thru gap. 


RELATED REFERENCES 


TPT 25, 223 (1987) - "Some Demonstrations Using a Strong Permanent Magnet". 
AJP 55, 500 (1987) - Simple theory - agrees well with experiment. 
AJP 56, 521 (1988) - "Magnetic Braking: Improved Theory". 


Ease of Setup/Construction: A/B 
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LENZ’S LAW B-290 
Eddy Currents Motor Disk-Levitated & Stalled 


DEMONSTRATION 

Use 12-in-1 demo described in F-240. Levitate small magnet over 
spinning disk. Affix very strong, light-weight, ceramic ring magnet 
(such as Edmund 1.5 0z-7000 gauss) to narrow strip of Manila folder 
using double-sided tape. Magnet will levitate about 1 cm above 
spinning aluminum disk when held near periphery. Show that levitation 
height depends on linear speed of disk by guiding magnet toward axis 
of rotation. Convince students that air currents are not responsible 
by using duplicate piece of card without magnet. For large class, 
shadow project using long focal length lens. 


TO STALL, bring motor up to speed and have student hold motor base 
FIRMLY as demonstrator brings strong magnetron magnet up so poles span 
plate thickness. Motor will stall almost to stop. DO NOT stall for 
long! CAN ALSO start motor with poles in place spanning disk and motor 
will have very low terminal speed. 


APPLICATION is "super train" now running in Japan and Germany, 
levitated over track by large magnets on train. Another possible use 
of superconducting magnets! See TPT 29, 552 (1991) for 10-pg article 
on this and other examples. i 


RELATED REFERENCES 
AJP 55, 986 (1987) - Theory related to above demo. 

TPT 28, 205 (1990) - "Levitation of a Magnet over a Superconductor" - Several 
examples, photos and 11 references. 


* . SAFETY NOTE * i 
Hold base FIRMLY else braking action will tip motor and disk violently. 


Ease of Setup/Construction: A/C 
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LENZ’S LAW B-295 
Back EMF in Motor Motor with High Inertia Disk 


DEMONSTRATION 


Use 12-in-1 apparatus (Developed by Dick & Rae and available from 
Fisher). See M-768, F-240, B-290 & 0-710. Connect to autotransformer 
with ammeter and voltmeter. Note ammeter reading as disk speeds up 
from rest to steady state angular velocity. Now slow disk with magnet 
as in B-290. Load disk slightly with friction from hand and note 
increase in ammeter reading. More work by motor means more electrical 
energy input. Also as motor speed decreases due to loading, back EMF 
induced in rotating armature decreases allowing current to increase. 


z i SAFETY NOTE . . 


_ disk surface for sharp edges and roughnesses before using fingers as friction 
rake. 


Ease of Setup/Construction: A/C 
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INDUCTANCE B-310 


LR Circuit Self-Induction Lights Bulb 


DEMONSTRATION 


power bulb (200W). 


current. 


Use large inductor in series with high 
Place low power bulb 
(15W) in parallel with inductor. Apply 
120 VDC with switch. Closing switch - 
first lights 15W bulb due to large back 
EMF in inductor. As steady state is 
reached, 200W bulb serves as detector 
of increased current. Opening switch 
produces momentary flash of 15W bulb 
from back EMF due to suddenly decaying 


Inductor must be several hundred 
henries such as found in demo kits 
having separable coils and cores. If 


two coils used, be sure to connect in 
series, phased additively. In that 


results. 


vV =- L (daI/dt) 


case, good additional demo is to phase 
coils SUBTRACTIVELY and compare 


Discuss negative sign as reminder of 
Lenz’ Law about sense of EMF being such 


as to oppose the change that caused it. 


RELATED REFERENCES 
TPT 26, 378 (1988) - Four ways to measure self inductance. 


+ i SAFETY NOTE 
BE CAREFUL with exposed terminals of 120 VDC. 


Ease of Setup/Construction: B/C 
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INDUCTANCE 
LR Circuit 


Ease of Setup/Construction: 


B/C 


B-315 
Current Growth with Time 


DEMONSTRATION 

Use large inductance designed for slow 
AC demos. One shown is commercially 
available and has 45,000 H and 10,000 
ohms to produce time constant of 4.5 
s. DC source of 6 V produces <1 mA. 


Use projection meter or TV for large 
class. 


DISCUSS time constant and, if 
appropriate, estimate this time (for 
meter to read 63.2% of maximum 
current). Can add more resistance to 
show change of time constant. 

Growth I =I _ (1 - ef ty 


max 


Time Constant = L/R 


where R includes that for inductor and 
any external series resistor. 


Growth of Current in Inductive Circuit 


1=45, 000 H R=10,000 ohms E=6 V 
0.6 


o 
a 


o 
P 
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INDUCTANCE 
LR Circuit 


Ease of Setup/Construction: 


B-320 
Growth/Decay with Square Wave 


DEMONSTRATION 
Use square wave generator in series 
with inductor and resistor. Connect 
scope across resistor as current 
indicator. Following values work well: 
R= 1.8K L = 10-15 H f = 10-30 Hz 
Generator applies step increase in 
voltage to which inductor responds 
with current growth curve similar to 
that in B-315. Frequency is such that 
voltage rises to perhaps 90% of max. 
When generator, in next half cycle, 
returns voltage to original value, 
inductor responds with decay curve 
characterized by: 


V=V eR/L t 
(6) 


with time constant of L/R. Graph below 
assumes negligible inductor resistance 
with R = 1800 ohms and L = 14.4 H 
yielding time constant of 8 ms. At 
frequency ~27 Hz, 18.4 ms is available 
before voltage drops. This is 2.3 time 
constants which allows resistor 
voltage to grow to within 10% of max. 
Plot assumes step voltage of 6 V. 


Growth/Decay for 27-Hz Square Wave 
1=14.8 H R=1800 ohms E=6 V 


< Half-period of Sq. Wave fm. 


Oo 


Vv 
o 
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Ea 
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_ 


Voltage Across 1.8K Resistor — 
fo) nm 
oun aNnNawnsa na 
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MAGNETISM AND MATTER B-350 
Permeability Iron Wire Core Increases Field 


DEMONSTRATION 

Use two coils on a common axis. One coil is energized with a battery 
and the other is connected to galvanometer. Change core material by 
inserting pieces of iron coathanger or screwdriver or pliers as core. 
Shows change in induced EMF produced in secondary due to core of 
greater iron content. 


IDEA - Compare with pieces of copper, aluminum, stainless (400 series 
is magnetic and MOST of 300 series is not) or steels having magnetic 
properties differina significantly from soft iron. 


RELATED REFERENCES 


AJP 54, 89 (1986) - Hall Effect transducer used as probe to measure B field in 
introductory lab. 


Ease of Setup/Construction: B/B 
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MAGNETISM AND MATTER B-360 
Reluctance Air Gaps of Different Amounts 


DEMONSTRATION 

Use inductor like one in B-315 (45,000 H) or B-310 with separable core 
and compare growth rates with increasing gaps in core, e.g., using 
thicknesses of paper. Finally, remove part of core altogether. This 
illustrates concept of magnetic reluctance, or "magnetic resistance", 
analogous to electrical resistance. 


IDEA - Can also use as AC transformer, measuring change of AC output 
from secondary with fixed input voltage and varying core gaps. USE 
VERY LOW VOLTAGE when tried first time because variations in coils and 
cores selected could produce dangerously large secondary voltages. 


RELATED REFERENCES 


TPT 28, 123 (1990) - "Determine the Magnetic Induction of a Coil with a Hall 
Element" - Experiment requiring only voltmeter. 

AJP 58, 794 (1990) - "Circuit for Displaying Hysteresis Loop of Two-terminal 
Inductors" - Uses simple integrators to get voltage proportional to magnetic flux 


and display on X-Y scope. 


Ease of Setup/Construction: B/C 
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MAGNETISM AND MATTER B-370 
Induced Magnetism Hammering Iron Bar 


DEMONSTRATION l 

Test iron bar, such as 1/2" concrete reinforcing rod, with compass for 
retained magnetism. If same end will attract either N or S pole of 
compass, bar is ferromagnetic but unmagnetized. If it attracts one end 
of compass and repels other it has some retained magnetism. If 
unmagnetized, hold with axis aligned along earth’s field, i.e. North 
and dipped 60-70 degrees in U.S. Strike sharply with hammer several 
times and test again with compass. It should be magnetized such that 
upper end attracts compass N pole. 


Now hold horizontally in E-W line and strike sharply again. Test with 
compass should show unmagnetized or very weak. Repeat magnetizing step 
to convince students. 


DEMAGNITIZE samples as desired by placing in field of coil used in 
B-270. Connect coil to autotransformer and reduce setting to zero 
while holding sample in field. This causes sample to go thru numerous 
hysteresis loops of ever decreasing size. This is method used by older 
watchmakers to demagnetize works of mechanical watches. 


APPLICATION is to test upper ends of steering column of cars driven in 
Northern Hemisphere. They too should be attracted to compass N pole 
because column has jiggled in earth’s field during driving and become 
permanent magnet. In Southern Hemisphere upper end will attract S pole 
of compass. 


RELATED REFERENCES 

TPT 26, 30 (1988) - Application used on TV by MacGyver. 

AJP 60, 860 (1992) - Barkhausen Effect detected using strong magnet brought up to 
tape head in play mode with no tape. 


Ease of Setup/Construction: B/B 
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MAGNETISM AND MATTER B-380 


Induced Magnetism 


Cereal & Nails (Spoof) 


| DEMONSTRATION 


Comment on detection of iron content of cereals. 
Cereal package as altered below can be picked up 
with small magnet. Explain spoof and comment on 
how audiences can be mislead by science used 
improperly. However, some cereals actually 
contain metallic iron filings. TPT 28, 608 (1990) 
outlines method for separating filings from 
cereal. This iron content is insufficient to 
provide force to pick up entire package. 


CONSTRUCT by carefully opening cereal box and 


inserting piece of iron sheet down one or both 
sides and resealing. 


NAILS can also be used as spoof. Use STRAIGHT 
iron nails and BENT aluminum nails on overhead to 
show how magnet can "detect" straight from bent. 


Ease of Setup/Construction: A/A 
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MAGNETISM AND MATTER B-390 


Curie Temperature Canadian Quarters & Dimes 


DEMONSTRATION 

Hang several Canadian quarters or dimes 
(not nickels) on edge in series from 
pole of strong permanent magnet. Heat 
one of lower coins with torch (such as 
propane) until it falls off, showing 
loss of magnetic property with 
temperature. Chunks of Monel metal have 
even lower Curie temperature. Monel is 
approx. 60% Ni, 33% Cu, 6.5% Fe plus 
trace of Mn, Si, and C. Curie 
temperatures of some elements in degK 
are: Ni 631; Fe 1043; and Co 1403. 
Canadian dollars or "Loonies" are weakly 
magnetic. 


RELATED REFERENCES 


TPT 24, 205 (1986) - "Rotary Curie-Point Heat Engine" - Made from parts of watt-hour 
meter plus other common materials. 
AJP 55, 48 (1987) - "Curie Point Magnetic Engine" - Simple construction but requires 


about $40 pure gadolinium filings. 


jii = SAFETY NOTE E m 
Place heat resistant pad underneath to catch falling HOT coins. 


Ease of Setup/Construction: B/B 
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ALTERNATING & DIRECT EMFs B-405 
Generators AC & DC Jump Rope & Hand Crank Genecon 


DEMONSTRATION 


Use jump rope of extension cord as in B-210 to produced pulsating EMF 
(AC) detected by scope having good sensitivity. 


DC produced when "split ring" or commutator is added. Commercially 
available model is hand-cranked (Genecon). See demos in B-250. Connect 
Genecon to red-green LED as detector (Radio Shack 276-012) to show red 
for one direction of rotation and green for other. TURN SLOWLY so as 
not to overload LED. Ref: TPT 25, 234 (1987). 


DISCUSS conservation of energy (or conversion) and efficiency, if 
appropriate. 


RELATED REFERENCES 


TPT 25, 234 (1987) - "Tri-Color LED Demonstrator - Use low frequency generator to 
see R-G-R-G. Then increase frequency to see yellow. 


Ease of Setup/Construction: A/C 
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ALTERNATING CURRENTS B-410 


AC Voltage Detectors Diodes and Gas-Filled Tubes 
R 
9-12 
GYeen hes VAC 


diode 


Max. diode curven? : 625 A 
connus 


GV i use Kr ION 
IZV: use Ra SOOM 


DEMONSTRATION 

Incandescent lamp filaments do not cool quickly enough to show 
periodic interruption of current when used on AC. Light emitting diode 
will not only extinguish twice per cycle but can show polarity. 


NE-2H bulb uses 120 VAC with 22K current limiting resistor so dashes 
of light can be seen when oscillated by hand or swung in circle. M-202 
is more dramatic with 3 bulbs, each with SEPARATE resistor, in 
parallel at different locations radially. 


TRI-COLOR LED (Radio Shack #276- 035) is actually two LEDs with 
opposite polarities hooked in parallel. Use about 270-ohm current 
limiting resistor for 9-V supply (lower resistor value for lesser 
supply voltage). Connect to DC source and show red or green depending 
on polarity. Then use 9 VAC (as from calculator power supply) to show 
RED+GREEN = YELLOW on AC. Swing LED rapidly in circle to show 
alternate red and green dashes every 1/120th sec. 


ARGON, older type AR-1, designed for 120 VAC, has D-shaped electrodes 
which emit purple light alternately. Newer types will work also but 
electrodes are not as large. View in darkened room by oscillating in 
50 to 75 cm arc. If held with split between Ds horizontal and swung in 
horizontal arc, approximate sine wave pattern will be seen. 


RELATED REFERENCES 


TPT 25, 234 (1987) - Low frequency (6-20 Hz) wave generator as source. 
TPT 27, 218 (1989) - Application of detector to magnet and coil. 
TPT 29, 530 (1991) - More demos with diodes in areas of electricity, optics and 


modern physics. 


Ease of Setup/Construction: A/C 
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ALTERNATING CURRENTS B-415 
RLC Series Circuit Phase, Phasors, and Resonance 


DEMONSTRATION 

RLC series circuit with audio oscillator and scope. Suggested values: 
R = 1.6K ohm, C = 2 microF, L = 12 H (r=340 ohm), V = 20 VAC. 

Show phase on scope, measure resonance, draw vector voltage diagram, 

and add voltage for adjacent components and verify with meter. 

Fluorescent light ballast may be used but not as desirable because it 

has lower L. 


PHASE - Connect dual input scope across various components to show 
phase between voltage and current. Place component being studied 
adjacent to R to eliminate ground connection problems, i.e., to 
measure phase for C, place C adjacent to R and connect scope ground 
between them. Polarity must be inverted for some components. If 
line-powered meters are used, verify that probes are isolated from 
building ground or use battery- powered digital meters and isolation 
transformer so that either scope or oscillator is tied to building 
ground, BUT NOT BOTH. 


VOLTAGE - For component values given, voltage across inductor is 24 V 
(larger than applied V because of VECTOR addition of RMS values). 


RESONANCE - Adjust f for maximum voltage across resistor as read with 
meter OR use scope to obtain zero phase angle between applied voltage 
trace and resistor voltage trace by overlapping traces and setting 
sweep rate high to improve precision of observation. 


RELATED REFERENCES 


TPT 28, 160 (1990) - Trouble shooting probe uses 6.3 VAC and resistor to connect to 
Y-Y scope inputs. Diagrams show application of Lissajous figures. 
TPT 29, 398 (1991) - Variation on above circuit to measure current-voltage phase 


difference for capacitor. 


Ease of Setup/Construction: C/C 
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ALTERNATING CURRENTS B-425 


Transformer Light under Water 


DEMONSTRATION 

Use Elihu Thompson apparatus coil as in B-260. 
Set core flush with top and place beaker of 
water on top. Immerse in water small, 
well-waxed coil of few turns connected to pilot 
lamp sensitive to a few volts EMF. Bulb glows 
when in close proximity to alternating B-field 
of core. Vary flux linkage by moving small coil 
and changing its orientation. Second photo 
shows light without beaker of water. 


To measure EMF of single turn, allow core to 
protrude few cm above coil end and place over 
core Al ring with saw cut thru it to produce 
open circuit. Connect ends of ring on either 
side of cut to digital voltmeter to read 
several hundred mVAC when AC coil is energized. 


RELATED REFERENCES 


AJP 54, 1110 (1986) - "Current Transformers" - Principles, core saturation, high 
frequency performance, and Rogowski coil. 


äi ji SAFETY NOTE i i 


These coils usually operate on 120 VAC and often have exposed terminals. USE CARE. 
Such voltages can be lethal. 


Ease of Setup/Construction: A/C 
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ALTERNATING CURRENTS B-435 
Transformer Primary | vs Secondary Load 


DEMONSTRATION 

Use variable auto transformer (VARIAC) 
with 200W lamp as secondary load. Place 
another 200W lamp in series with primary 
as current detector. When voltage 
increased on secondary, current in 
primary increases as noted by increase 
in brightness of primary lamp. 


DISCUSS uniformity of flux, turns ratio, 
conservation of energy, efficiency of 
transformers. Where appropriate include 
hysteresis loops and reduction of 
transmission line heating using high 
voltage transmission up to half million 


volts. 
RELATED REFERENCES 
TPT 27, 300 (1989) - Ground fault interrupters operate on difference between current 
in two AC wires. 
i i SAFETY NOTE i » 


Auto transformers often have exposed terminals with 120 VAC. USE CARE. Such voltages 
can be lethal. These transformers have an added hazard. The primary and secondary 

are interconnected, i.e., the secondary windings are NOT ISOLATED from the building 
ground. This poses an added hazard from the secondary windings as well. 


Ease of Setup/Construction: B/C 
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ALTERNATING CURRENTS B-445 
Transformer Weld Nails 


DEMONSTRATION 

Weld pair of nails together with step-down 
transformer (6.3 V at 10.6 A works well). 
Casually place fingers between nail ends before 
nails make contact and discuss why there is no 
shock or heating. Then bring nails together and 
allow sparks to fly while nails quickly become 
red and then white hot. 


CONSTRUCT using short, large diameter 
connecting wires soldered to terminals and make 
effort to minimize contact resistance. 


DISCUSS body resistance, wet vs dry hands, and 
importance of caution and application of good 
physics when dealing with high voltages. 


RELATED REFERENCES 


TPT 31, 42 (1993) - Excellent group of demos using soldering gun to produce currents 
of 75-585 A for various applications - magnetizing and demagnetizing, Helmholtz 
coils and "monster" solenoid. 


ss * SAFETY NOTE = * 
Filament transformers often have exposed terminals. USE CARE around those connected 
to 120 VAC. Such voltages can be lethal. 


Ease of Setup/Construction: A/B 
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ALTERNATING CURRENTS B-470 
Inductance Measurement Calculate from Voltage Reading 


R i R DEMONSTRATION 

To measure inductance with voltmeter, connect 

known resistor, R, in series with inductor 

(L, Ri). Apply DC source and measure DC voltage 

across R and L. Use ratio of voltages across R 

and L along with known value of R to calculate 

R, for inductor. Substitute audio oscillator of 

frequency f and adjust oscillator amplitude 
until voltage on resistor is same as before, 

Z IZ.= Vac thereby making DC and AC currents same. Measure 


IX ‘4 Vine On inductor and calculate cos p (power 


Source 


factor) from ratio of Vdc and Vac across 


inductor. L can now be calculated from R,, f, 
IR, =Vioe and tan ¢ 


Using DC: R = R (Vp, /Vp) Vig = (R + R)I 

Substituting AC source, set: Vie = Vie 
Calculate cosh = Vipc/Ving 

Solve for ¢ and use to get: 
Calculate L = X/20f 


Note that I is not needed. 


Pad 
II 


R, tang 


Ease of Setup/Construction: B/B 
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© COHERENT | 
Sf Mating, 
Fo mamini 


INTERFEROMETRICALLY SPEAKING.. 


ALUMINUM IS GREAT FOR BEER CANS 
BUT NOT FOR FABRY-PEROTS. 


GENERAL 0-005 
Optics Tips and Techniques Sources-Apertures-Projection 


LIGHT SOURCES 

Very convenient light source for optics demos is 35mm projector. 
Low profile models equipped with zoom lens and 2-position switch for 
300W or 500W operation offer greatest flexibility. 

Second useful source is 25W straight-filament showcase bulb with 
clear envelope. Covering top and bottom halves with thin gelatin 


filters (e.g., red and blue) is advantageous for some demos, especially 
those with inverted images. 


APERTURES 

Control beam diameter emerging from 
projector with 3 and 12mm apertures in 5x5 
cm "slides" made from manila folder; more 
durable version fabricated from 1 mm thick 
Al. Useful diameters are 12, 9, 6, 3 mm. 

Use one Al "slide" above with 12mm 
aperture to fabricate sharp-edged slit. 
Break double edge razor blade parallel to 
its long axis and epoxy two halves with 
sharp edges facing one another over top of 
hole. Slit width of about 1 mm recommended. 


SHADOW PROJECTION 

For shadow projection, remove usual projector lens and insert 12mm 
aperture as "slide". Sharpness of shadow improves as projector is moved 
farther from object. However, size of shadow decreases. If shadow 
projection is not satisfactory, illuminate object with 35mm projector 
and project image on wall or screen using lens. Convenient lens for 
this and many other purposes is mounted biconvex lens 12 cm dia and 32 
cm F.L. Alternative to make small objects visible is to employ CCTV; 
i.e., video camera having macro lens and connected to monitors. 


PREPARING TRANSPARENCIES FOR PROJECTION . 

Test your typed or printed page by viewing it from a distance of 
8 times the page height including in height any blank space which will 
remain in the transparency. In general, pica type (10 pitch) can be 
viewed from about 33% greater distance than elite. Using only CAPS 
increases legibility. Roman fonts of larger point size (1 point = 
1/72") available on some printers greatly increase legibility as does 
the use of BOLD type. Italic fonts are hard to read. 


RELATED REFERENCES 


TPT 24, 284 (1986) - Details for adapting pocket calculator for projection on 
overhead. 


Ease of Setup/Construction: A/B 
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GENERAL 0-007 
Optics Tips and Techniques Kits - Lasers - Laser Safety 


OPTICS KITS 

Many optics demos and expts may be performed with Hartl optical 
disk. Available commercially, its size makes it suitable only for small 
groups unless CCTV is used. 

More suitable for lecture hall or large classroom is Blackboard 
Optics Kit, available from Klinger Educational Products Corporation. 
Constituent parts are secured to blackboard by strong magnets or 
suction cups (cups are NOT recommended). If blackboard backing is non- 
magnetic, place edge of sheet of steel-backed blackboard ~4x8 ft in 
chalk tray and lean against board. (SAFETY NOTE: Secure top of magnetic 
board to prevent toppling.) Good choice is board designed for liquid 
chalk or felt tip pens which is often magnetic and permits drawing ray 


diagrams on board itself. Cheap alternative is to bond galvanized sheet 
to Masonite. 


LASERS AND LASER SAFETY 

He-Ne lasers are shown in many of the demos in this notebook 
because they provide a relatively inexpensive, intense and well- 
collimated beam of small diameter. 

Two classes of He-Ne lasers are commonly used: Class II with 
maximum radiant power of 1.0 mW; and Class IIIb with maximum radiant 
power of 5 mW. Powers of 3.5 - 5.0 mW are recommended for use in large 
Classrooms or rooms which can be only partially darkened. 

Laser beams which have been sufficiently expanded or diffusely 
reflected are not dangerous to the eye. However, use care to ensure 
that unexpanded beams are not reflected into student's eyes. For 
information on federal laser safety rules, contact the U.S.Department 
of Health and Human Resources! Bureau of Radiological Health, 5600 
Fishers Lane, Rockville, MD 20852. 


A number of useful publications are available from Metrologic 
Instruments, Inc.: 


101 Ways to Use a Laser 

Experiments Using a He-Ne Laser by H. Gottlieb 
Holography Using a He-Ne Laser by Jeong 

Physical Optics Using a He-Ne Laser by A. Eisenkraft 
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ELECTROMAGNETIC WAVES 0-025 
Plane Wave Ping Pong Paddle - Wave Model 


i 


B 
A 


al 


Mi r ae 


2 

4 

| 
k 


DEMONSTRATION 


ESN Mark 2 paddles, one labelled with B, other with 
N m E. Hold one in each hand and move one in 
DA 


vertical plane while moving other in horizontal 
plane as you walk forward. This simulates 
variation of E & B vectors in space as wave 
propagates. Good for a laugh any day! 


MODEL, semi-fixed, used to show relation of E 
and B in plane E-M wave. Also useful in 
discussing polarized light. 


CONSTRUCT of poster board or Masonite for added 
durability. Cut to approximate sine wave shape 
and fit with slots so one wave can be slid 
forward to get relative phase of 0-90 degrees. 


RELATED REFERENCES 
AJP 53, 279 (1985) - Wooden models for plane, circularly and elliptically polarized 
waves with dowels for field amplitude. 


Ease of Setup/Construction: A/B 
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ELECTROMAGNETIC WAVES 0-030 
Plane Wave Microwaves 


DEMONSTRATION 

Use commercially available microwave transmitter and receiver, either 
3-cm or 11-cm waves, in demo or experiment, to show approximate plane 
waves emitted by dipole antenna. Examples are: reflection by metal 
plates or human being, transmission thru paper towel-dry vs wet, 
interference between direct and reflected radiation (Lloyd’s mirror 
analog), and diffraction around objects small compared to wave length. 


Welch offers complete set for 3-cm waves with accessories for half 
dozen applications. 


RELATED REFERENCES 

TPT 28, 474 (1990) - "Standing Waves in a Microwave Oven" = Hot-spot separation of 6 
cm tested using cobalt dichloride paper or grated cheese. See p.580 re textbook in 
oven with sampling using liquid crystal sheet and Hershey bars. 


TPT 28, 564 (1990) - "Calibration and Efficiency of Microwave Ovens" -= Experiment 
with cups of water. 


Ease of Setup/Construction: C/C 
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ELECTROMAGNETIC WAVES 
Scattering 


Ease of Setup/Construction: 


A/B 


0-035 
Chalk Dust, Smoke Box & Cream 


DEMONSTRATION 

Beat two erasers together to 
make laser beam visible. Can 
also use tap water where 
municipal supply is turbid! 
Conical laser beam can be 
generated for this demo using 
small mirror on rotating shaft 
per AJP 49, 1185 (1981). 


SMOKE BOX has beam from Carousel 
focussed by lens. Beam is made 
visible by filling box having 
glass or acrylic front with 
incense or smoke. See W-005 for 
smoke generator. 


CREAM (powdered) or milk stirred 
into large beaker of water is 
illuminated from above with 
spotlight bulb. 
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ELECTROMAGNETIC WAVES 0-040 
Scattering Simulated Sunset 


L \ SH ; 
HSn $ ectánt- Concentrate 4 


DEMONSTRATION 

Use concentrated Lysol to add to beaker of water. If circular aperture 
used in Carousel with zoom lens, circular spot resembling sun can be 
projected on screen with additional lens. As Lysol is stirred in, 
drop-by-drop, blue is scattered out and remaining red produces 
"sunset". Use Polaroid sheet to demonstrate scattered light is 
partially polarized. Also note effect of inserting and rotating 
Polaroid sheet in light entering tank. 


ALTERNATE, somewhat less convenient and requiring safety precautions, 
but more dramatic, uses tank, mirror, and frosted screen. Pass beam 
from Carousel using slide aperture 12mm dia thru long axis of tank. 
Emerging beam is reflected from plane mirror tile onto back projection 
screen of frosted paper or plastic. Blue light, preferentially 
scattered out sides of tank, simulates blue sky. 


IDEA - Insert poster board cut with mountain profile between tank and 
screen to simulate "setting" sun. Add cutout of flying geese and play 
"Canadian Sunset" tape. 


RECIPE for about 10-liter tank - Pour 100 ml photo hypo from end to 
end and stir well. Add 25 ml concentrated sulphuric acid, well 
distributed and well stirred. In about 5 min, for room temp water, 
precipitate formation begins and deepens simulating "sunset". Cooler 
water takes longer. After much precipitate formed, "hazy day" 
conditions appear. 


RELATED REFERENCES 


AJP 53, 184 (1985) - Scatterring demos using Dettol ("Canadian Lysol"), pine and 
cedarwood oils, and latex spheres. 
TPT 23,267 (1985) - Factors affecting color of sky. 

‘ # SAFETY NOTE * " 


CONCENTRATED ACID can cause severe burns. Be careful in transporting and in adding 
to water. Rinse tank and stirrer well after use. Do not allow acid to contact 
clothes. Wear safety glasses. 


Ease of Setup/Construction: B/A 
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ELECTROMAGNETIC WAVES 


Maxwell’s Equations “And God Said" 
gS Oe rt ey se 
N | li 
| 
eAnd God said: | 
| ‘i 
| rane | 
l i 
VeB =0 \ 
| vx — 98 
me i 
| cVXB =z + ÎE 
\ 


YAHOVAL SOISAHd JHL 


DEMONSTRATION 


-and there was light 


— 
= 


= — ee tae 


—_— 
= 


Mocne 


Make ENLARGED copy of above to produce transparency showing Maxwell’s 
equations in vector differential form. Used by permission of The 


Physics Teacher from TPT 9, 


522 (1971). 


IDEA - T-shirts are available with this and other physics related 
messages. Contact American Association of Physics Teachers for 


listing. 


Ease of Setup/Construction: 


03--93 


A/A 
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REFLECTION O-100 
Plane Mirrors Glass Sheet-Candle under Water 


DEMONSTRATION 

Place battery jar of water on 
stand behind glass pane 40x50 cm. 
Place candle on identical stand in 
front and adjust for equal heights 
and distance. Candle appears to 
"burn" under water. 


ALTERNATE is to place identical 
light bulbs in identical sockets, 
one bulb and socket on each side 
of glass. Turn on front bulb and 
rear one appears to light. 


APPLICATION is to use blade 
reflection to align wood saw 
perpendicular to board - TPT 28, 
468 (1990). 


f 
abservers eye 


Righ ear 


RELATED REFERENCES 


TPT 25, 233 (1987) - Use of front and rear surfaced mirrors at angle to show one 
image vs. multiples. 


Ease of Setup/Construction: B/B 


DICK and RAE Physics Demo Notebook 


03-93 Copyright 1993 by DICK and RAE, Inc. 


REFLECTION 0-105 


Plane Mirrors Ambulance Behind You 


DEMONSTRATION 


Emergency vehicles often use lettering on hood which is reversed so as 
to read correctly when viewed in rear view mirror. Note that image 
formed by plane mirror is more properly described as perverted, i.e., 
front and back interchanged, rather than reversed. Two ways to reverse 
lettering. Do it both ways and challenge the students, before 
demonstrating, to predict which is proper one for viewing in mirror. 


AMBULANCE 


aJIUNUAIUaEMA 


ECNALUBMA 


RELATED REFERENCES 
TPT 29, 470 (1991) - Numerous 2-D ray diagrams with discussion of properties of 
plane mirrors. 


Ease of Setup/Construction: A/A 
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REFLECTION 0-110 
Plane Mirrors Humans Can Fly 


DEMONSTRATION 

Wooden frame in shape of cube has plane 
mirror inserted along diagonal. When 
mirror is in place, half of frame and 
its reflection are visible. Because 
object and image distances are equal, 
illusion of entire cube is seen. Stand 
straddling mirror with one foot behind 
and one in front. While bearing weight 
on foot behind (and unseen by audience), 
lift front foot so your image appears 
levitated or flying. Practice other 
clowning movements such as swimming, 
balancing on one finger, and lifting by 
"boot straps" or "seat of pants". Let 
students amuse one another. Can use 
mirror without frame but illusion not as 
effective. 


DRAW ray diagrams to show images of 
nearby objects appear larger because of 
ANGULAR field. Show that person may view 
entire body using mirror only half of 
person’s height. 


— ea 


amaa 


;, 2.7 CONSTRUCT using 2.5 x 2.5 cm wood 
: | elements with metal pins in corners so 
ft frame can be disassembled for transport. 
‘ ! To be effective illusion, side of cube 
a should be about 60-70 cm long. 
JN (Longer dimensions are more difficult to 


step into.) Mirror is 1/8" or 1/4" thick 
acrylic sheet available commercially 
with reflecting coating. One source is 
AIN Plastics, Inc., 249 E.Sanford Blvd., 
Mt.Vernon, NY 10550. Phone 800-431-2451. 


RELATED REFERENCES 
TPT 26, 476 (1988) - Hamming it up as Halloween witch in flight. 


i ij SAFETY N OTE * * 
ae PLASTIC mirror. Large pieces of glass are especially dangerous when straddling 
them. 


Ease of Setup/Construction: B/C 
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TION 0-115 
Mirrors Two Way Glass 


DEMONSTRATION 

Seat two people on opposite sides of large sheet of acrylic or single 
strength glass. Arrange two lamps each controlled by a FULL RANGE 
incandescent lamp dimmer with one lamp on either side of sheet but 
allow one person to control the lamp on OTHER person’s side. If 
demonstrator on left turns up voltage as right hand demonstator turns 
voltage down, face of right hand demonstrator is more brightly 
illuminated and hence more visible to left hand demonstrator. "Turn 
one face into another." Lamps should be placed high and aimed downward 
toward subject’s face. 


Transparent media exhibit both reflection and transmission. Fraction 
of light energy for each depends on reflectivity of surface. Ordinary 
glass at normal incidence reflects only 4% but this increases to 100% 
at grazing incidence. This reflectance is different for two planes of 
polarization. Acrylic is similar and SAFER TO USE. 


CONSTRUCT so acrylic sheet to be used for reflection is "bottom" of 
"box" with 4 acrylic sides, one of which will be base. This allows 
placement of lamps on top and gives stability for large vertical 
sheet, while avoiding hazards of glass breakage. Can also mount 
acrylic using wooden sides. 


ALTERNATIVE to dimmer is autotransformer shown above. 


RELATED REFERENCES 


TPT 24, 221 (1986) - Optics of auto rear view mirror having day-night tipping 
feature. Good lab experiment. 


Ease of Setup/Construction: B/B 
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REFLECTION 0-120 
Plane Mirrors Barber Shop & Fixed Angle 


DEMONSTRATION 

Place two 30x30 cm mirrors parallel and facing one another. Place 
between them detergent bottle with different style label front and 
back to show that images alternate between ones of front and back of 
bottle and that only alternate images are perverted. Use adj screw 
shown in back of mirror to align images. Have students view just past 
edge of one mirror to see multiple images (almost) in a line. Same 
effect as in older barber shops with mirrors along opposite walls. 
Useful addition is to scrape mirror backing off one mirror to make 
viewing hole about 2 cm dia so as not to have to view around edge. Use 
Tv for large class and to show image location using focus adjustment. 
DRAW ray diagrams to explain. : 


FIXED ANGLE - Pass around, then DRAW ray diagram to 
scale to show TWO rays diverging from each image 
and reflected back to eye. Including object itself, 
number of figures seen is 360 divided by angle 
between mirrors. If 66 deg angle used, does this 
mean there will there be 4 and 1/2 images? 


CONSTRUCT using home decorating type mirror tile about 30 cm square 
cut into 4 equal pieces to build pair of reflecting mirrors at two 
different angles, such as 60 deg (5 images) & 72 deg (4 images). Mount 
on 3/8" plymood frame with contact cement. Add toy figure mounted OFF 
CENTER to make images visible. 


RELATED REFERENCES 
TPT 25, 104 (1987) - Two mirrors at right angles in ROTATABLE mount. If plane mirror 


reverses L-R (perverts), why does it not reverse UP-DOWN (invert)? 
AJP 58, 565 (1990) - For laser beam directed at non-normal incidence on plane 


parallel mirrors, what is locus of points of intersection with mirrors? Hyperbola. 


Ease of Setup/Construction: A/B 
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REFLECTION 
Plane Mirrors 


A plane mirror produces a perverted image; 
i.e., front and back are interchanged. 


Observer's eye 


RELATED REFERENCES 


0-125 
Variable Angle Mirrors 


DEMONSTRATION 
Arrange two 30x30 cm 
mirrors so that one edge 
of each forms vertex of 
angle, A. Place object 
in area between mirrors 
and observe multiple 
images when angle, 
360/A, is integer. Try 
` TWO objects! 


ALTERNATE is to mount 
small mirrors on board 
hinged on one side and 
pass among class. Have 
students examine central 
image for A=90 deg to 
"See themselves as 
others see them", i.e., 
not perverted. Also try 
to comb hair using 
CENTRAL image which has 
been reflected in both 
mirrors and is doubly 
perverted or "normal". 


Two mirrors at 90°. 


Image 30 : 


vp Object 
Imege3 is image <1 


Image 2@ 
of T, m M2 or 


L m MI. 


Eye of observer 
M2 


Imoges \and 2 ave parvarted; i , 
3 is wot = ib is +he rasuk o$ Zreblections. 


TPT 25, 206 (1987) - "Illusions with Plane Mirrors" - Single, double, and partially 


silvered mirrors with dimmers - 22 refs. 


Ease of Setup/Construction: A/B 
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REFLECTION 0-130 
Plane Mirrors Three Mirrors - Corner Cube 


DEMONSTRATION 

Three 30x30 cm mirror "tiles" used for home decorating can be mounted 
to form corner cube which has retro-reflecting properties. (Can also 
bisect single tile twice with glass cutter to make cube 7-8 cm on 
side.) Have students close first one eye and then other to observe 
that image in corner is always that of OPEN eye. 


ALTERNATE is to use chalk dust with laser beam to show incoming and 
reflected beams are parallel and separated by distance which is 
limited by size of mirror. 


APPLICATION is panel 1 m square of many small retro-reflectors left on 
moon to be used as reflector of laser pulses to calculate moon-earth 
distance based on measurement of pulse time of flight. However, solid 
glass cubes rather than mirrors were used. Triangularly mounted one in 
photo is type used by land surveyors. 


RELATED REFERENCES 


TPT 29, 255 (1991) - "Teaching Reflection from a Corner Cube Reflector" - 
Explanation of retro-reflecting property using vectors. 
TPT 30, 488 (1992) - Extensive discussion of multiple reflections from mirrors -= 


rotating single, double and triple as well as parallel and hinged. 


i " SAFETY NOTE ji ” 
Use low power laser beam (1/2 mW) or take precautions that beam reflected from hand 
held mirror cannot inadvertently strike audience. Reflected beams can contain 
substantial fraction of power from initial beam. 


Ease of Setup/Construction: A/B 
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REFLECTION 0-135 
Plane Mirrors Kaleidoscope with 3 Slides 


DEMONSTRATION 


Hold "kaleidoscope" with small hole toward eye and rotate while 
viewing various scenes. Also interesting to place large hole toward 
eye. Reflection coefficient of glass approaches 100%, for both planes 
of polarization, as grazing incidence is approached. 


CONSTRUCT using two 35-mm plastic film cans. Remove tops, drill 5 mm 
hole in bottom of one and 20 mm hole in bottom of other. Form 3 glass 
microscope slides into a triangle lengthwise and insert into one can. 
Slide other can over exposed slide ends. Tape cans together if 
desired. 


IDEA - Instead of 5 mm hole use pinhole or nailhole and hold 
"kaleidoscope" close to printed page to see multiple images IN FOCUS 
at a few cm away. Combination of pinhole magnifier, 0-590, and 
kaleidoscope. 


RELATED REFERENCES 


TPT 24, 237 (1986) - "Shadow Kaleidoscope" encourages students to draw on paper 
under mirror. 


jä ji SAFETY N OTE . ” 
Glass slides are thin and SHARP - USE CARE when inserting in can. 


Ease of Setup/Construction: A/A 
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REFLECTION 
Cylindrical Mirrors 


0-140 
Mirror on Chest 


Fase of Setup/Construction: 


A/B 


DEMONSTRATION 

Sheet plastic with totally 
reflecting coating is now 
available in sheets thin enough 
to allow flexing across the 
chest to show effect of 
cylindrical rather than 
spherical curvature. Use piece 
about 30 x 80 cm. CONVEX 
cylindrical shape produces image 
with vertical image unchanged 
but horizontal image is 
diminished. THINK THIN! 


Bending into CONCAVE shape 
produces magnified image if 
object is inside focal length. 
With back to class, hold face in 
front of mirror while bending 
sheet to produce image of THE 
INCREDIBLE HULK! 


SOURCE is AIN Plastics, Inc., 
249 E.Sanford Blvd., Mt.Vernon, 
NY 10550. Phone 800-431-2451. 


IDEA from TPT 31, 186 (1993) for 
low-cost cylindrical mirrors. 
Cut 1.5-3 cm wide strips of this 
acrylic reflector about 1/2 m 
long and bend into circle. 
Restrain with string or tape and 
immerse in boiling water for 3 
min followed by setup in cool 
water for 1-2 min. Cut several 
segments from each circle 
discarding distorted portion 
near joint. 


DICK and RAE Physics Demo Notebook 
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REFLECTION 0-150 
Spherical Mirrors - Convex -= Diverging-Virtual Image Always 


DEMONSTRATION 

Use blackboard optics to show 
diverging action of convex mirror. 
Draw projected rays behind mirror 
to show virtual focal point. Add 
normal to mirror for one ray to 
show angles of incidence and 
reflection. 


NEXT use large convex mirror, 
available commercially and mounted 
in tiltable base, to show rays from 
many planes always produce virtual, 
erect and smaller image. 


DRAW ray diagram and discuss range 
of image locations and 
magnifications for all object 
positions from infinity to vertex 
of mirror. 


DISCUSS security mirrors in 
convenience stores and side view 
mirrors used by truckers and on 
RIGHT side of newer cars. Explain 
warning printed at bottom of such 
car mirrors, "Objects in mirror are 
closer than they appear". 


Ease of Setup/Construction: A/B 
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REFLECTION 
Spherical Mirrors - Concave 


0-155 
Virtual or Real Image? 


DEMONSTRATION 

Show converging action of concave mirror 
using blackboard optics. Use single ray 
far off-axis to show normal and angles 
of reflection and incidence. Add other, 
parallel, rays one-by-one to show that 
parallel rays DO NOT necessarily form 
point image, rather one of finite height 
(proportional to object height 
off-axis). 


NEXT mount commercially available 
concave mirror (F.L. 25 cm, dia. 40 cm) 
in tiltable base to collect rays from 
many planes to produce EITHER real or 
virtual image. (Also used for spherical 
aberration, 0-170.) 


DRAW ray diagram and discuss change in 
image character as object moves from 
infinity to mirror vertex. For object at 
infinity, especially important to use 
set of parallel rays NOT along mirror 
axis to show that image is NOT a point. 
Discuss meaning of magnification for 
this case. 


QUESTIONS - Do virtual images appear any 
different than real images? If not, then 
how can we tell the difference? Can 
camera photograph virtual image? 


Ease of Setup/Construction: 


A/B 
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REFLECTION 0-160 
Spherical Mirrors - Concave Is a Bulb in Socket? - Toy 


DEMONSTRATION 

Position mirror, or permanently attach to light 
box, so lamp is at center of curvature, 
vertically, horizontally and axially. Place on 
turntable or use TV for large class. 


CONSTRUCT object box with two light sockets, 
one outside and one inside. Wire inner one to 
illuminate 25-40W lamp. Outside socket is empty 
but has dummy wires attached for realism. 


TOYS using this principle include hemispherical 
plastic or glass reflectors having object at 
center of curvature. Oscillation along mirror 
axis produces interesting results. Large 
mirrors used as "Shake Hands With Yourself" 
demo in some science museums. 


oye 


Ease of Setup/Construction: A/B 
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REFLECTION 0-165 
Spherical Mirrors - Concave Burn Candle at Both Ends 


DEMONSTRATION 

Place candle with axis horizontal at 
center of curvature of large spherical 
mirror. Adjust so that image appears to 
have its base coinciding with base of 
object. When lit, candle appears to 
burn at both ends with one flame UP and 
the other DOWN. Hold palm of hand below 
DOWN flame to show it is COOL flame! 


ALTERNATE is to mount candle vertical. 
Candle still appears to burn at both 
ends but both flames are aligned along 
candle axis, one UP and one DOWN. 


* * SAFETY N OTE * * 
USE FIRE in the classroom CAREFULLY. 


Ease of Setup/Construction: C/B 


DICK and RAE Physics Demo Notebook 


03--93 Copyright 1993 by DICK and RAE, Inc. 


REFLECTION | O-170 
Spherical Mirrors - Concave Spherical Aberration 


DEMONSTRATION 

Use mirror in 0-155, tilted to cast image on wall screen. Place study 
lamp with writing on top of bulb focussed to produce large image 5-7 m 
away. Hang various annuli over front of mirror to block out rays from 
periphery of mirror. Start with f/4 having low intensity but good 
focus and proceed to f/1 with good intensity and poor focus. Can also 
show increase in depth of field, while retaining reasonable focus, as 
aperture size decreases. 


DISCUSS f number and its relation to camera with small aperture 
leading to good depth of field. 


CONSTRUCT several annuli of thin Masonite to fit on small hooks on 
mirror frame. Diameters of apertures in annuli should be set to f 
numbers of 1, 1.4, 2, and 4. (f number is ratio of mirror focal length 
to aperture dia). Write f number in large letters on annuli. 


RELATED REFERENCES 


AJP 55, 1129 (1987) - "Computer-assisted Teaching of Physics" includes example of 
spherical mirror. 
AJP 58, 280 (1990) - "Rotating Liquid Mirror" - TV camera and monitor used to view 


parabolic surface of glycerine rotated on 45 RPM turntable. 
Ease of Setup/Construction: B/C 
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REFLECTION 0-175 
Spherical Mirrors - Concave Confocal Mirrors 


A 


@ 
mivrer T 


mirror 8 


DEMONSTRATION 

Available commercially and made of glass or plastic, mirrors have 
identical focal lengths and diameters so as to fit together while held 
by circumferential ring. Spacing is such that focal point of mirror B 
is at A and that of mirror T is at O. Object placed on surface of 
lower mirror (try to avoid scratching) will produce image in plane of 
hole in upper mirror. Light from object is reflected from top mirror, 
T, vertically downward to strike bottom mirror, B. Real image is 
focussed at point A by mirror B. 


ALSO INSTRUCTIVE to draw ray diagram tracing pair of rays from object 
all the way to an eye above mirrors. 


RELATED REFERENCES 
TPT 28, 522 (1990) - Theory of this demo with photos. Also includes separation of 
3R/2 rather than R/2. 


Ease of Setup/Construction: A/C 
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REFRACTION 0-200 
Blackboard Optics Parallel Displacement 


DEMONSTRATION 

Use blackboard optics kit with acrylic block 
alone to show incoming ray partially reflected 
at front surface plus refracted ray inside and 
emerging ray parallel to incoming one but 
laterally displaced. 


ADD plane mirror behind block to "totally" 
reflect internal beam to show it is parallel to 
beam reflected from first surface. 


IDEA - Good demo to use in preparation for 
discussion of path differences in some types of 
interference phenomena. 


LAWS OF REFRACTION; 


(1) Incident ray, refracted 
ray, and normal all lie 
in the same plane, 

(2) Snell's law applies: 
nsin] a nosine, 


REFRACTION 
(A 


~~ 


BLACKBOARD OPTICS KIT - 
Show refraction of light 
as it enters and leaves 
Lucite block. Also 
illustrate parallel dis- 
placement, 


RELATED REFERENCES 

TPT 24, 516 (1986) - "Hands-On Optics Demonstration Unit" - Board having 
multi-components for ray tracing as hall demo. 

TPT 28, 422 (1990) - Standard force table used with parallel-sided tank to verify 
Snell’s Law. Excellent results on sin(i) vs sin(r) graph. See also TPT 29, 227 
(1991) for other components. 


Ease of Setup/Construction: B/C 
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REFRACTION 0-205 
Prism - Deviation Giant Acrylic Prism with Laser 


DEMONSTRATION 

Prism, part of blackboard optics kit or 
available separately, can be used with 
laser and chalk dust to show reflection 
(external and internal, partial and total), 
deviation (general and minimum) and 
dispersion. 


"GEORGE" By G. Freier 


CWHENVE REPEAT TON 
(EIPERINEAT WE GET 


—from an idea submitted by Charles A. Eckroth. 


RELATED REFERENCES 

TPT 25, 502 (1987) - "Wavelength Dependence on the Refractive Index" - Dispersion 
experiment based on absorption frequency. 

TPT 26, 8 (1988) - Various types of prisms and their uses. 


TPT 26, 526 (1988) - Simple method of measuring index using semicircular block. 
TPT 27, 30 (1989) - Other good demos using laser. 
is * SAFETY N OTE ™ ji 


Use all lasers with care. Avoid having reflected or refracted beams in vicinity of 
eyes. Use low power lasers (2 mW or less) whenever possible. 


Ease of Setup/Construction: A/C 
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REFRACTION 0-210 
Water-Air Interface Bent Ruler and Spoon in Glass 


DEMONSTRATION 
Fill cubic plastic container or beaker with water and place brightly 


painted ruler in container at angle. Observe from several vantage 
points to see bending at interface. 


SOURCE for cube is AMAC Plastic Product Corp., P.O.Box 726, Sausalito, 
CA 94966-0726. 


ALTERNATE is to place spoon in glass of water and observe magnifying 
effect and discontinuity at handle. Also see golf ball in jar of 
M-114. Can also set plastic spoon in quick setting acrylic. 


RELATED REFERENCES 
TPT 27, 284 (1989) - Snell’s Law derived using geometry with glass semicircle. 


Ease of Setup/Construction: A/B 
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REFRACTION 0-215 
Equal Indices Beaker-in-a-Beaker 


DEMONSTRATION 

Place small beaker inside a larger one. 
Pour Johnson’s Baby Oil into smaller one. 
Allow small one to overflow into larger 
and observe smaller one "disappear", if 
fluid and glass have same index of 
refraction. Using inner beaker with 
painted graduations enhances effect. 
Moving inner beaker forward and backward 
inside outer beaker shows magnifying 
effect also. 


ALTERNATE as a pass-around - Fill small 
GLASS dropper bottle about 3/4 full of 
baby oil. Screw dropper in place and 
squeeze bulb to force out air. As oil 
returns inside dropper, lower end 
"disappears". 


Some demonstrators use anisole (methyl 
phenyl ether) which has pronounced odor. 
Wesson oil is satisfactory but has 
yellowish tinge. 


RELATED REFERENCES 
TPT 15, 438 (1977) - Can use silicone and mineral oils of same index as Pyrex. 


+ * SAFETY NOTE äi s 
From time to time new lists of possible carcinogens are published. As of this 
writing (1993), Anisole is not on the list. Users are advised to check the list 


periodically. Older versions using benzene and carbon tet (carcinogens) SHOULD BE 
REPLACED. 


Ease of Setup/Construction: B/A 
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REFRACTION 0-220 
Shallowing Effect Ruler Under Beaker or Block 


DEMONSTRATION 

Place hollow plastic photo cube or 
beaker of water, filled to depth d, on 
stage of overhead. Place one transparent 
plastic ruler UNDER cube and focus ruler 
graduations sharply (thru water). Place 
second transparent ruler on stage BESIDE 
cube. Raise ruler slowly beside beaker 
until it too is sharply focussed. If h 
is distance raised above projector 
stage, then d/(d-h) should be index of 
refraction of water, neglecting small 
effect of thin bottom. 


SOURCE for cubes is AMAC Plastic 
Products Corp., P.O.Box 726, Sausalito, 
CA 94966-0726. 


ALTERNATE is to use plastic grid or 
ruler under glass or plastic rectangular 
block (such as in Blackboard Optics Kit 
of 0-200. Move pencil up and down side 
of block to identify equivalent focussed 
point outside block. 


RELATED REFERENCES 


TPT 25, 440 (1987) - Photo of cleaning wand in swimming pool yields data for index. 
TPT 26, 105 (1988) - Measure index using pins and water-filled tray. 


Ease of Setup/Construction: A/A 
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REFRACTION Q-225 
Atmospheric Variation Star Twinkle with Hot Plate 


DEMONSTRATION 

Pass laser beam past edge of one of two FRONT surface mirrors to 
produce multiple passes of beam between mirrors. Separate mirrors 
sufficiently to allow hot plate to heat air in between. Allow beam to 
strike screen 5-7 m away and place aperture of several mm dia about 
2/3 of way to screen. Heating of air produces refraction of beam such 
that it "jiggles" from variations in density of air. This causes beam 
to alternately hit and miss aperture with simulated star twinkle. 
Shows that variations in refractive index of earth’s atmosphere 
together with small aperture of eye produce twinkle. Point out that 
images of stars seen thru large aperture telescope do not twinkle. 
NEXT, carefully slide hot plate out to show effect disappears. 


CONSTRUCT holders for mirrors which allow fine adjustment in tipping 
mode to facilitate beam alignment. Convenient to support on lab jack 
to speed alignment. Beam must travel back and forth just above heated 
surface of hot plate. 


mirrors 


Eii 
Sereen 


josey 


wan” 


RELATED REFERENCES 


TPT 24, 414 (1986) - Seismic applications of refraction and reflection obey Snell’s 
Law also. 

AJP 57, 953 (1989) - Laser beam passing thru water tank is deflected by IR lamps 
heating water from above. 

AJP 58, 400 (1990) - "Laser Deflection Through a Spark" - 200-300 microrad 
deflection caused by refractive index change using spark from auto ignition. 

TPT 29, 566 (1991) - Demo on apparent ellipticity of rising and setting sun uses 


sugar solution to get necessary differential refraction. 
Ease of Setup/Construction: C/C 
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REFLECTION 0-250 
Total Internal Reflection Soda Bottle & Flask with Laser 


DEMONSTRATION 
Place laser so its beam passes through plastic water-filled bottle and 
out orifice on other side of bottle. Water stream acts as light pipe 


just as optical fibers do. Place hand in stream to scatter both water 
and light. 


CONSTRUCT using hot nail to punch hole near bottom of clear side of 
2-liter plastic bottle. Fill bottle with water and observe stream. If 
flow is uneven, use paper punch to put smaller size hole in 
transparent tape and tape over hole made with nail. This usually 
produces smooth, round orifice which gives good flow. If still 
unsatisfactory, glue on piece of acrylic tubing as orifice. 


ALTERNATE is to use Florence flask with 2-hole stopper having two 
short pieces glass tubing, one for inlet water from hose, other for 
outlet. Align beam to pass thru bottom and. out outlet hole, with good 
alignment, so as to internally reflect beam as above. Light seen by 


observer at right angles is due to scattering and some refraction from 
uneven stream wall. 


RELATED REFERENCES 

TPT 22, 42 (1984) - Light pipe using milk carton. 

TPT 29, 539 (1991) - Striking differences due to total internal reflection seen at 
different viewing positions for 1000-ml Florence flask with triple layer of marbles 
in bottom and different levels of water inside. 


* = SAFETY N OTE * ™ 
LASERS CAN BE DANGEROUS - Do not allow naked or reflected beam to strike into 


audience. Lower power lasers of 1 to 2 milliwatts are adequate for this demo and 
are much safer. 


Ease of Setup/Construction: B/B 
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REFLECTION 0-255 
Total Internal Reflection Fiber Optics-Rod, Ball, & Cyl 


DEMONSTRATION 

Show total internal reflection with light 
fibers or larger dia bent acrylic rod. Try 
auto junk yard for fiber cables out of GM 
car front fender used to tell when 
headlamps are lit. Can also be found in 
penlights used to bend into dark corners. 
Note that scratches on outside of rod lead 
to scattering and loss of light 
transmitted to end of rod. 


LAMP BALL available commercially in 
novelty stores has bundle of fibers lit by 
light which has passed thru rotating 
filter having various colors. 


CYLINDER of acrylic can be cut with step 
as in AJP 53, 182 (1985). Edge where light 
enters must then be polished. Laser beam 
striking step follows helical path inside 
wall. 


RELATED REFERENCES 


AJP 55, 555 (1987) - "Light Scattering from Fibers: An Extention of a Single Slit 
Diffraction Experiment" 
TPT 26, 504 (1988) - Simulating optical fibers using acrylic rod. 

i * SAFETY NOTE * * 


Use lasers with care. Power of 1 mW is sufficient for this demo. 


Ease of Setup/Construction: A/B 
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DISPERSION 0-270 
Spectrum - White Light Prisms-Glass & Ethyl Cinnamate 


DEMONSTRATION 

Use narrow Al slit or cardboard slide aperture in Carousel to produce 
narrow tall beam. Place tall (5-10 cm) glass prism in beam and observe 
angle of minimum deviation and angle of dispersion. Compare with 
similar quantities using hollow prism below. 


Hollow acrylic prism container or triangular shaped glass bottle may 
be filled with water, carbon disulfide or ethyl cinnamate. Latter is 


organic chemical having higher index, greater dispersion, and costs 
more! 


DOUBLE prism spectrometer principle may be illustrated using two 
prisms in series to increase dispersion. Newton used one prism to 
"undo" effect of first. This and others of Newton’s experiments 
discussed in excellent article in AJP 61, 113 (1993). 


IDEA from TPT 30, 239 (1992) - Use ‘autotransformer on projector 
without filters to show spectral distribution changes in addition to 
intensity as filament temperature reduces. 


CAUCHY equation: n = Np + B A describing dispersion can be made 
linear by plotting n vs 1/A . Measure n by experiment using prism 
spectrometer and angle of minimum deviation. 


, Glass Prism 
Si At Sinn n = 1.6200 + 0.0104/% for micrometers 
2 1.7 
sv (A/2) 1.694- 


A 


= 
Q 
Oo 


Index of Refraction 
D 
a 


| 
| ji i i H | 
l l ! i 
i 


a on E wk | 
1.75 2.25 2.75 3.25 3.75 425 475 525 575 6.25 
Recip. of Lambda Squared—-micromelers*-2 


RELATED REFERENCES 


TPT 25, 459 (1987) - Compares effect of dispersion thru prism using white line on 
black paper and black line on white paper. 


Ease of Setup/Construction: A/C 
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DISPERSION 
Spectrum - White Light 


RELATED REFERENCES 


O-275 
Photocube & Plastic Cup 


DEMONSTRATION 

Use photocube sold for photos to be placed on 
5-6 faces or obtain hollow plastic containers 
about 10x10x15 cm used for displays in variety 
stores. Insert slide having narrow slit in 
Carousel. Place projector about 1 m away and 
aim beam at or near grazing incidence down one 
side of water filled container. Observe 
spectrum on vertical screen. Improve 
visibility using focus knob. Light is passing 
thru with prism vertex angle of 90 deg. Using 
n of 4/3 yields minimum deviation angle of 51 
leg and spectrum is seen on vertical screen as 
shown in photo. 


ın also place cube on overhead stage to 
produce spectra from CONVERGENT light passing 
vertically upward thru sides of cube, thru 
water, and out into air, usually falling on 
vertical walls of room. Four spectra, one from 
each side of cube. Prove this by placing 
opaque card of same size over bottom of cube. 


MFG. BY AMAC Plastic Products Corp., P.O.BOX 
726, Sausalito, CA 94966-0726, phone 

(415) 332- -2170 for larger quantities. 
Individual ones may be purchased from some 
retailers. 


PLASTIC CUP nearly full of water is placed in 
center of overhead stage. Dispersed spectrum, 
curved in shape like rainbow, is seen on 
ceiling of room due to light refracted thru 
vertical sides. Prove this by placing opaque 
card beneath cup of same dia as cup. 


TPT 25, 440 (1987) =- Fish in plastic cube of water shows two images at corner. 


Ease of Setup/Construction: A/B 
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DISPERSION = 0-280 
Spectrum - White Light Giant Rainbow with Flask 


DEMONSTRATION 

Use Carousel projector with zoom 
lens and 12-mm aperture to 
illuminate round-bottom flask filled 
with water to simulate giant 
raindrop. Rainbow is seen on screen 
placed between projector and flask 
by reflected light. Light beam 
should have dia barely larger than 
flask. 


IDEA - Enhance intensity by adding 
reflective coating to back side of 
flask. Ref: AJP 58, 593 (1990). 


SIMULATION on color monitor possible 


with Apple program. See TPT 28, 227 
(1990). 


RELATED REFERENCES 
TPT 24, 418b (1986) - Laser beam to measure angles in second order rainbow. 


TPT 26, 82 (1988) - Historical evolution of explanations by Aristotle, Descartes, 
Newton et al. 


TPT 27, 262 (1989) =- Gives theory of demo and use as expt to measure angle of min. 
deviation. 


TPT 27, 264 (1989) - "Dispersion in Spherical Water Drops" - Computer simulation 
checked with expt using hose spray in sun. 


Ease of Setup/Construction: B/B 
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DISPERSION | 0-285 
Spectrum - Band Absorption Holographic Grating-Antifreeze 


DEMONSTRATION 

Place various colored filters on overhead 
and cover with cardboard mask to block 
excess light. Mask opening about 20x30 mm 
permits using 35-mm slide mount for 
grating. On top of filter-mask 
combination, place slide mount containing 
piece of holographic grating. Observe 
spectrum on ceiling (not projected to 
screen). Holographic grating is a bit 
more expensive than transmission grating 
but gives far higher transmitted 
intensity. 


Raise mask-grating combination and place 
on top of beaker of ethylene glycol 
(Prestone, Zerex, etc.). This produces 
spectrum on ceiling showing which colors 
are absorbed by antifreeze. 
Sumultaneously students can see 
TRANSMITTED color on SCREEN for 
comparison. Antifreeze absorbs higher 
energy blue photons. ALSO place beaker in 
front of U-V light to change to bright 
green glow. Demo credited to Gerry Leitz, 
DePaul Univ. 


Holographic grating available from Edmund 
Scientific or Learning Technologies, 
Inc., 59 Walden St., Cambridge, MA 02140. 
Phone 800-537-8703 or 617-747-2686. 


j * SAFETY NOTE ” = 
Ethylene glycol is combustible and is also poisonous (and attractive) to pets. Use 
care in disposal. U-V light can be harmful to eyes. SHIELD light from observer’s 
eyes. 


Ease of Setup/Construction: A/B 
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LENSES 
Lens Action on Multiple Rays 


0-300 
Bulb Filament and Black Paper 


DEMONSTRATION 

Clamp cylinder on stand with axis aimed 
at screen several meters away. Cover 
end with black paper retained by rubber 
band. With lamp on, punch hole in paper 
with pencil lead to show dim "pinhole" 
image. Punch 2nd, 3rd, 4th holes to 
show collection of such images. Enlarge 
some holes by tearing. Add projection 
lens between paper and screen to show 
addition of images into one bright 
image but perhaps somewhat fuzzy. Move 
lens along axis to focus. Then tear out 
remaining paper to show increased 
intensity. 


CONSTRUCT metal cylinder about 20-30 cm 
long with line filament lamp in end. 
Automobile lamp (12V), as used for 
backup or parking lamp, works well. 
Requires step down transformer or 
autotransformer. if used with 120 VAC. 


= ii SAFETY NOTE . ” 
USE CARE if any exposed 120 VAC terminals exist. 


Ease of Setup/Construction: 


B/B 
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LENSES 0-305 
Lens Action under Water Water Tank & Scattering Medium 


DEMONSTRATION 

Carousel with 10 mm aperture slide provides beam to shine thru 
aquarium lengthwise (10 gal size works well). Add Eosin (fluorescin), 
dairy creamer, or other material to water. This makes beam more 
visible by scattering action. Show refraction of prism and of 
converging and diverging lenses under water. Can illustrate effect of 
relative index using hollow prisms and lenses available commercially. 
Fill one hollow lens with water and ask students to explain. Use plane 


mirror to divert beam up toward surface to show refraction and total 
internal reflection. 


CONSTRUCT hollow lenses by epoxying two watch glasses together on end 
of PVC pipe. Ref is TPT 27, 636 (1989). These can be water- or 
air-filled. Hollow double concave lens is CONVERGING when under water. 


RELATED REFERENCES 


TPT 29, 592 (1991) - Place empty fish bowl (weighted inside) on bottom of tank to 
simulate biconvex diverging lens. 


Ease of Setup/Construction: B/C 
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LENSES 0-310 
Concave and Convex Blackboard Optics 


DEMONSTRATION 

Blackboard optics kit contains acrylic lens models - diverging and 
converging. Use single beam (ray) at edge to show prism behavior. Use 
all rays to locate focal point and discuss spherical aberration. Can 
combine for two-lens example, either separated or in contact. 


DISCUSS how wave front relates to rays and show diagram. 


Qa 


= Wave rant 


Lens Eq: 1/p + 1/q = 1/f 
for which electrical analog is 
1/R} + 1/R2= 1/R 
for resistors in parallel or, 
similarly, for capacitors in 
series. Interesting application 
of this analog uses servo mech- 
anisms to link object and image 
distance so focal length remains 
fixed. See AJP 20, 376 (1954). 
Nomograph at right can be used 
to solve these eqs. using ruler 
to connect points of each of 3 
intersecting lines. For more 
interesting nomographs, see 
TPT 27, 274 (1989). 


RELATED REFERENCES 


TPT 25, 428 (1987) - Lab activity using 35mm single lens reflex camera to illustrate 
effect of aperture on depth of field and exposure. 


Ease of Setup/Construction: B/C 
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LENSES 0-315 
Converging Right-Left Inversion 


DEMONSTRATION 

Form images of slender object having 
dissimilar ends and place in HORIZONTAL 
rather than vertical plane to form image 
in which "inverted" means right- -left 
inversion, not up-down, i.e., inverts in 
ALL directions. Two such commercial 
sources shown for use with optical bench. 


“GEORGE” By G. Freier 


Pa 


MLL || 


A 


OO 


oe 


RELATED REFERENCES 
TPT 25, 104 (1987) - Above concept applied to plane mirrors. 
AJP 55, 888 (1987) - "How Not to Focus a Small Source with a Single Lens" 


Ease of Setup/Construction: B/B 
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LENSES 0-320 
Converging Half Lens - Whole Image 


DEMONSTRATION 

Show that image forming properties are same as for 
whole lens of comparable focal length except that 
image brightness is reduced. Take apertures in 
0-370 and move along lens axis on both object and 
image sides to show effect of cone of rays. From 
TPT 27, 43 (1989). 


CONSTRUCT by placing black tape over appreciable 
portion of lens or use discarded lens having 
25->75% missing. 


RELATED REFERENCES 


AJP 55, 108 (1987) - "An Investigation of Student Understanding of the Real Image 
Formed by a Converging Lens or Concave Mirror" - Educational research. 
TPT 28, 617 (1990) - "Integer Solutions of 1/x + 1/y = 1/z" - Gives 17 solutions for 


integers < 77. Compare with another solution in TPT 16, 426 (1978). 


Ease of Setup/Construction: B/B 
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LENSES 0-330 
Converging - Water Saran and Ring Stand 


DEMONSTRATION 

Use rubber band to secure sagging sheet of Saran 
wrap to edge of ring stand. Add water to produce 
plano-convex water lens. Hold hand beneath to 
show magnification or use to form image on table 
of overhead lights. More sag or small diameter 
produces shorter focal length due to small radius 
of curvature. 


In lieu of ring stand, support for Saran is wax 
paper bucket used for fast food fried chicken or 
tall milkshake cup with rubber band under rolled 
edge as fastening. 


ALTERNATE for Saran is curved glass or acrylic 
from front of discarded wall clock, which can be 
filled with water. 


RELATED REFERENCES 


TPT 25, 431 (1987) - "The Spherical Lens" - Focal points, principal planes, 
spherical aberration and water-filled flasks. 
TPT 27, 636 (1989) - "Fluid Lenses" - Made from PVC and watch glasses. 


Ease of Setup/Construction: B/A 
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LENSES 0-340 
Cylindrical Inverted Image 


TITANIUM OXIDE 


DEMONSTRATION 

Use acrylic rod ~15 cm x 2.5 cm dia thru which to read word such as 
TITANIUM OXIDE. Inverted image turns TITANIUM upside down but OXIDE, 
because of symmetry, is apparently not inverted. Paint TITANIUM in red 
letters and OXIDE in blue for contrast. Can compare with CHOICE OXIDE 
for which both words appear right side up although actually inverted 


also. This latter "wrinkle" is a Julius Sumner Miller demo from AJP 
22, 343 (1954). 


As SPOOF for this colored version, ask what must be index of 
refraction if red light is to be "inverted" and blue light is not. 


“GEORGE” By G. Freier 
GO Ney ae 


THETEACHER SHOULD ALWAYS 
CREATE AGOOD IMAGE FOR j 
(HIS STUDENTS - 


RELATED REFERENCES 


TPT 31, 118 (1993) - "A Lens with an Adjustable Focal Length" - Uses strong E-field 
acting on large dipole moment of water molecule to cause water surface to assume 
spherical shape of variable curvature. 


Ease of Setup/Construction: B/B 
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LENSES 0-350 
Simple Magnifier Pinhole - No Lens 


DEMONSTRATION 

Normal human eye does not focus clearly on 
objects much closer than 25 cm, babies 
several cm and 45-year olds 50 cm! Small 
print can be seen clearly when only few cm 
from eye if viewed thru tiny pinhole. 

4 Intensity is reduced substantially so good 
illumination is needed. Because object is 
viewed from 5 cm rather than 25, ANGULAR 
magnification is about 5X. Can also use 
35-mm film cannister described in 0-590. 


SS IDEA - Make pinhole camera from shoe box by 

ee! punching pinhole in center of box end. Cover 
hole with black electricians tape until 
ready to take picture. In darkroom or dark 
closet tape 4"x5" sheet film on inside of 
box on end opposite pinhole and replace 
cover securely. Set box on stationary object 
outside in bright sunlight, remove tape, 
expose several minutes, replace tape and 
develop film in darkroom. 


CONSTRUCT "clean" or uniform pinhole by 
drilling thin (1-2 mm) Al sheet ALMOST thru. 
Then take sharp push pin and tap it sharply 
to penetrate final thickness at bottom of 
drilled hole. Place hole at each end of Al 
strip and try to make them of differing 
diameters for comparison. 


RELATED REFERENCES 
Scientific American, April 1965 - Interesting article on pupilometrics. Pupil size 


increases for pleasing sounds, sights, smells and taste, and decreases for the 
opposite sensations. 


TPT 27, 652 (1989) - "The Pinhole Camera" - Theory, resolution, experiment, exposure 
factor and optimum focal length. 

TPT 27, 680 (1989) - Lizard’s eye and desert optics including 2 experiments on 
color. 


Ease of Setup/Construction: A/A 
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LENSES 0-355 
Multi-element Lens Fresnel Lens 


DEMONSTRATION 

Combination of segments of plano-convex lens. Used in overhead 
projectors and light fixtures because they are thin and light in 
weight. Image quality is poor because ridges are often rounded and 
rough molds are used. Available from Edmund Scientific in thin sheet 


form with ~20 on 8x10 sheet or as single large "lens". Can use stage 
from discarded overhead projector. 


Fresnel was also known for Fresnel zone plate, negative made by 
photographing series of alternating white and black concentric circlar 
zones. Black zones become clear in negative and transmit light. Zone 
size is set so that, for given position of light source, each zone 
adds constructively to previous one to produce focussing action. Ref. 


Jenkins and White, "Fundamentals of Optics", McGraw-Hill Book Co., New 
York, NY (1976). 


IDEA - Place Fresnel lens between overhead and screen to show changes 
in focus and intensity. 


Ease of Setup/Construction: A/B 
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ABERRATIONS - LENSES 0-370 
Spherical, Coma, & Astigmatism Stops - Apertures & Obstacles 


DEMONSTRATION 

Use Carousel as source with usual projection lens barrel removed. 
Substitute for this 10-15 cm dia lens with focal length 20-40 cm. Use 
slide having Kodak Wratten filter #58 (green) to produce somewhat 
monochromatic light. See older text such as Jenkins & White for 
discussion of lens shaping. See O-380 for ray diagram. 


A. SPHERICAL - Use Al slide of small holes, 1 mm dia, drilled in array 
forming school’s initials. Focus with stop IV, then replace with I & 
III. Also compare I & II. Compare having light strike side of greater 
curvature first vs the reverse. 


B. COMA - Use slide of 3 mm aperture and rotate lens so its axis is 
10-20 deg from direction of light. Again use stops I, III & IV to show 
improvement in image quality with smaller stop dia. Use I & II to 
discuss portions of lens producing respective parts of comatic image. 


C. ASTIGMATISM - Use slide of 20 or 40 mesh wire cloth with lens 
rotated off axis as in B. Obtain reasonable focus of horiz. wires in 
mesh. Then show change of lens position, forward or backward, to bring 
vertical wires in good focus. Then use IV to improve overall image. 


CONSTRUCT stops from thin Al or Manilla folder so outside of stop 
matches dia of lens holder. Stop diameter determined by lens used, 
remembering f number is ratio of focal length to diameter. 


paba Ta pang 
mMer lens 
I S gr nit mits pa 

opening obstacle opening opening 

~f:4 ~f:4 ~$: 6 ~£:10 

RELATED REFERENCES . 
AJP 55, 1129 (1987) - "Computer-assisted Teaching of Physics" - Spherical and 
chromatic aberration with theory. 
TPT 26, 96 (1988) - String model for rays shows astigmatism using both sagittal and 


tangential ray planes. 


Ease of Setup/Construction: B/B 
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ABERRATIONS - LENSES 0-375 
Distortion-Curvature of Field Thick Lens & Stop 


DEMONSTRATION 

Use Carousel as source with usual lens removed. Aberrations are 
enhanced for relatively thick lenses so use 10-15-cm F.L. with 
thickness ~25% of dia. 


A. DISTORTION - For pincushion distortion mount variable aperture stop 
on end of bench near source. Use wire mesh ~4 wires/cm (coarser than 
window screen) as object, placed about 2f from source. Image should 
form about 2f on other side of lens. Try stop at various locations 
relative to lens. Hint of barrel distortion produced replacing 
projector with diffuse source and moving stop to side of lens OPPOSITE 
from source. Try moving center of stop off optical axis. 


B. CURVATURE OF FIELD - Image focuses on curved surface rather than 
plane. For ist setup in A. above, image formed on CONVEX surface for 
positive lens so image sharpness improves by replacing flat screen 
with poster board bent in hands. Curvature of field is simple concept 
but difficult to see, esp. because it is intimately related to 
distortion. 


Ease of Setup/Construction: B/B 
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ABERRATIONS - LENSES 0-380 
Chromatic Color Filters and Carousel 


DEMONSTRATION 

Use Carousel, external projection lens and school initial slide as in 
0-370. Insert this slide along with good violet filter (Wratten 47B). 
Focus on distant screen after eyes partially dark-adapted. Replace 
violet filter with red (Wratten 25) to see image badly out of focus. 
Not as effective if RED filter is used first because pupil is not as 
adapted to darkness. If Carousel has two lamp intensities, use higher 
one. Effect is further enhanced using projection lenses of longer 
focal length, which are harder to find. 


Diagram below belongs with spherical aberration and coma, 0-370. 
Placed here for lack of space. Taken from Edwin Jones/Richard 

Childers, "Contemporary College Physics, @1991 by Addison-Wesley 
Publishing Company, Inc. Reprinted with permission of publisher. 


Object plane 


Optical axis 


(a) Rays coming in 
parallel to the optical axis do not all 
intersect at the same point on the 
axis. Incident rays farther from the 
optical axis intersect closer to the 
lens. This effect is called spherical 
aberration. (b) Parallel rays incident 
at an angle to the optical axis of the 
lens fail to intersect at a point, an 
effect called coma. 


Image plane 


(a) (b) 


RELATED REFERENCES 
AJP 55, 1129 (1987) - Computer-assisted Teaching of Optics" - Includes example on 
chromatic aberration. 


Ease of Setup/Construction: A/B 
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INTERFERENCE 0-405 
Young’s Experiment Double Slit with Laser 


DEMONSTRATION 

Place double slit in naked laser beam in reasonably dark room to show 
multiplicity of equally SPACED dots of UNEQUAL intensity. To give 
semblence of "fringes", introduce diverging lens about 90 cm F.L. 
between laser and slits to produce slight divergence thereby 
increasing height of spots. Such interference confirmed wave theory of 
light. Explain and compare using other double source demos and sound 
wave analogs given in 0-410. 


IF APPROPRIATE, use double slit in naked laser beam after first 
showing single slit. Comparison reveals central maximum of single slit 
pattern is now further divided. Ratio of slit-to-slit distance and 
individual slit width is responsible for missing orders (maxima) in 
double slit pattern. Double slit pattern is thus combination of 
diffraction and interference. Requires room as dark as possible. 


a sin 0 = mA If angles are small, sin @ = 6 = Ym /D 


a= Dm À /Ym where a = slit width, D = distance to screen 
Ym” distance from center of pattern to mth bright fringe 


RELATED REFERENCES 


TPT 24, 216 (1986) - Splitting sun or laser beam with index card can be used to 
measure wave length. 
AJP 56, 531 (1988) - Specklegrams used to produce Young's fringes. Exposure times 


and theory included. 


* ii SAFETY N OTE 8 * 
Be careful of naked laser beams for lasers above 1 mW. USE CARE that beam does not 
reach eyes directly or via good plane reflector. 


Ease of Setup/Construction: A/A 
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INTERFERENCE 0-410 
Young's Experiment Fresnel Biprism-Lloyd’s Mirror 


BIPRISM 
f 10 cm] W 
PROJECTION 
LENS 
40 to 90 mm F.L. 


PROJECTION 
LENS 
40 to 90 mm F.L. 


DEMONSTRATION 

These 2 demos produce equally spaced fringes using effectively same 
geometry as Young’s double slit. However, at edges of beam there are 
diffraction effects producing fringes of different width. Long F.L. 
lens may be used to enlarge image at expense of intensity and 
sharpness. Use scales shown here to produce pattern for small class. 


BIPRISM is shaped much like pre-fabricated roof truss. Shine diverged ~ 
laser beam thru "peak of roof" so part of beam is refracted by upper 
half-prism and remainder by lower half-prism. For large classroom, 
start with prism 1-2 m from beam-diverging lens and slowly move toward 
lens, keeping beam on prism center. Two refracted beams begin to merge 
and interference fringes are seen. Move in closer still and correlate 
changes with terms in applicable equation. Requires room as dark as 
possible. 


LLOYD’S MIRROR (front surfaced) has diverged laser beam (6-8 cm focal 
length negative lens works well) grazing along its surface. Mirror 
should be in holder allowing rotation about horizontal axis which is 
perpendicular to beam axis. Note on screen 6-8 m away that two beams 
appear; one is part of original beam REFLECTED by mirror; other is 
portion passing OVER mirror unreflected. Former moves up and down as 
mirror rotates. Adjust so it barely overlaps other beam, producing 
fine interference fringes. See 0-430 for ray diagram. 


” = SAFETY NOTE * bs 
Keep beam diverger in place to reduce eye hazard. If tempted to use lasers of higher 
power to improve visibility, BE AWARE of need for increased safety precautions. 


Fase of Setup/Construction: A/B 
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INTERFERENCE 0-420 
Analog with Sound Waves Singing Rod, Moire & Speakers 
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DEMONSTRATION 

Show Moire pattern on overhead by superimposing two transparencies of 
pattern below and discuss regions of constructive and destructive 
interference. For sound wave analog, use short singing rod in W-205 or 
two speakers side-by-side as in W-330. To generate pattern 
mechanically, use wave-shaped strips in W-320. TRANSPARENCY 


reproduction permitted. 


TPT 27, 602 (1989) - Parallel line, spiral and radial line and dot transparencies 
superimposed. 


Ease of Setup/Construction: A/A 


DICK and RAE Physics Demo Notebook 


04--93 Copyright 1993 by DICK and RAE, Inc. 


INTERFERENCE 0-430 
Phase Change on Reflection | Microwaves - Lloyd’s Mirror 


Image 

Metal 3 
Reflector MT 
ee hal 

Detector | R e al 
Source 


DEMONSTRATION 

Commercially available, 11-cm microwave transmitter placed beside 
metal sheet, propped on chalk rail, reflects wave to receiver to 
superpose (interfere) with wave received directly. Detector connected 
to audio amplifier and speaker gives audible measure of interference 
pattern. Analog of Lloyd’s Mirror for visible light. Destructive 
interference at point B shows there is 180 deg phase change of 
ELECTRIC field of microwave beam upon reflection. See 0-410 for 
optical version. 


RELATED REFERENCES 


AJP 60, 063 (1992) - "Using 3-cm Microwaves for Optics Laboratory Experiments" - 
Student lab on single slit diffraction. 


Ease of Setup/Construction: B/C 
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INTERFERENCE | 0-440 
Division of Wave Amplitude Michelson Interferometer 


DEMONSTRATION 

Use naked beam for initial adjustment of 
mirrors with emerging beams ON SCREEN or 
wall. DO NOT LOOK into beam under any 
circumstances. Note output has 4 beams, 
pair for each mirror due to external and 
internal reflection. Adjust mirror 
orientation until 4 beams merge to 2. Finer 
adjustment in this neighborhood will 
produce slight "blinking" of beams. Now 
insert beam diverging lens to produce broad 
field of fringes and to allow finer 
adjustment of mirrors. For large class, 
fringes may be projected to screen with 
instrument 3-4 m away using projection lens 
of F.L. 35 cm. Requires only 1/2 mW laser 
even in semi-darkened room. Lower power 
lasers are safer. 


SHOW circular and straight line fringes. 
Can use with photodiode to count fringes 
electronically. Ref AJP 56, 664 (1988). Can 
also use Polaroid over either mirror to 
show interference only when beams have at 
least some portion in same plane of 
polarization. 


IDEA - Use circularly polarized light 
having opposite rotation in two arms to 
show recombination into linearly polarized 
with plane dependent on phase shift. Ref: 
AJP 58, 580 (1990). 


RELATED REFERENCES 


AJP 53, 657 (1985) - Simple experiment on Doppler shift of laser light reflected off 
edge of smoothly rotating turntable as one arm of interferometer. 
? ü SAFETY NOTE i ii 


USE CARE with any naked beam from laser especially with mirrors. 


Ease of Setup/Construction: B/C 
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INTERFERENCE 0-455 
Thin Films Air Wedge Between Glass 


DEMONSTRATION 

Place one sheet of flat glass upon another and 
illuminate with high intensity sodium light or laser 
with beam diverger. Fringes produced when light waves 
are reflected from adjacent glass surfaces shows 
interference due to PATH change AND due to PHASE 
change. Note change in fringe pattern when pressure 
on plates changes wedge thickness. More precise 
pattern can be obtained using optical flats but USE 
CARE to avoid scratching. 1/4" plate glass also works 
well and scraps are readily available. 


IDEA - While viewing fringes and without changing 
pressure, touch edges of wedge with medicine dropper 
filled with water and detergent. Fringe spacing 
should decrease to 3/4 or 1/n. 


In diagram at left rays are really near normal 
incidence but have been exaggerated for clarity. Beam 
2 has phase change of 180 deg due to reflection so 
region at vertex is dark fringe (thickness eer), To 

right of vertex, thickness increases or 2nt = mA, 
where n is index of medium between plates. Equally 
spaced fringe pattern is result of wedge thickness 
increasing linearly. 


QUESTION - If air in wedge were replaced with liquid 
of index > glass, what happens to fringe at vertex? 
(It remains same -phase chg is in Beam 1, not 2.) 
What happens to fringe spacing? (It decreases 
because n increased. ) 


ii = SAFETY NOTE a = 
Light from naked laser beam can be dangerous. Leave beam diverger in place to assure 
lower energy per unit area in beam. 


Ease of Setup/Construction: A/A 
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INTERFERENCE Q-460 
Thin Films Newton’s Rings Between Glass 


DEMONSTRATION 

Light from H-4 100W mercury lamp produces 
brilliant colored rings when used to 
illuminate, at close range, gap between 
thin prism and glass plate clamped 
loosely together. Observe interference 
rings by reflected light using long focal 
length lens to project on screen. For 
monochromatic fringes, use sodium light 
or laser with beam diverger. 


ALTERNATE is to use plano-convex lens 
with large radius of curvature on flat 
plate of glass. Commercially available in 
adjustable ring holder. Air gap here is 


07 ore, not wedge-shaped, as in 0-455, so 
eachan thickness does not increase linearly and 


fringes are not equally spaced. Contact 
point is dark, by reflected light, 
because there is no path difference 
effect added to the 180 deg phase change 
Source. upon reflection at lower surface. Diagram 
SO shows excessive curvature for clarity. 


i 
r ij i 

> > BDBDB 

d m=O ¢ 2 

For normal incidence air gap d, which is 
sagitta of arc, depends on distance r from 
contact point and d determines whether ring 
at distance r is Pan aes (B) or dark (D). 

Rê = (R-d)? + r? 
Expanding with dea. r? = 2Ra 
a mth dark circle appears where: 

d = mÀ with m = 0, 1, 2,... 

or r?=RmÀ. For large m, circles are 
more closely spaced. 


RELATED REFERENCES 


AJP 59, 662 (1991) - Plano-convex lens surfaces give rings if longer coherence 
length from laser is used. 
i " SAFETY NOTE + $ 


Ultraviolet is emitted by mercury lamps. DO NOT STARE into light or project light 
into audience except for brief periods. 
IF LASER is used, keep beam diverger in place as extra margin of safety. 


Ease of Setup/Construction: A/B 
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INTERFERENCE 0-465 


Thin Films Soap Film-Flat & Hemispherical 


DEMONSTRATION 

FLAT - Use apparatus shown in W-170 to focus on screen white light 
from film. Vertical film assumes wedge shape under gravity and 
straight line fringes of all colors are formed. Show effect of gelatin 
filters which produce near-monochromatic light. After several min, top 
of film (bottom on projected image) appears black because thickness is 
less than A/a. For thicker, longer lasting films, use mixture of 140 
ml Joy detergent, 300 ml glycerine, 450 ml distilled water, mixed 
several days ahead of use. See W-130 for speaker-driven films. 


ROTATING - Make tube which can be spun about cylinder axis. View film 
as above while rotating to see black spot at center as thickness 
reduces and colored concentric circles from interference. 


- HEMISPHERICAL - Place translucent or 
milky plastic sheet on overhead to 
illuminate bubble (not to place image on 
screen). Wet central area of plate with 
solution first to prevent film collapse. 
Soda straw dipped in solution can be used 
to blow bubble on plate. Bubble- 

blowing funnels from toy stores work 
well. Observe hemisphere from various 
angles to see many color patterns. After 
several min top may appear black from 
below and bright above, showing contrast 
in phase change external vs internal 
reflection. For other interesting 
patterns due to differing ray directions, replace plastic sheet with 


Fresnel lens or section of diffuser panel used over fluorescent light 
fixture. 


RELATED REFERENCES 


AJP 53, 177 (1985) - Black film from soap stable for 5 min using VIDAL SASSOON hair 
product. 
TPT 28, 479 (1990) - Arrangement for simultaneous viewing of reflected and 


transmitted light to show complementarity. 
Ease of Setup/Construction: B/B 
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INTERFERENCE 
Thin Films 


0-470 
Mica Sheet and Glass Tube 


DEMONSTRATION 

Use thin mica sheet perhaps 15 cm square to 
reflect light onto screen several meters 
away. Source is H-4 100W mercury with 
aperture limited to about 1x3 cm or diverged 
laser beam. Bow sheet slightly and gently to 
distort pattern of multiple reflections 
within sheet. 

NOTE: Mica can be split into thin sheets of 
constant thickness because of its 
crystalline structure. 


ALTERNATE is to hold glass tube of several 
cm dia so naked laser beam grazes surface. 
Multiple reflections in tube wall plus 
artifacts due to dust, fingerprints and 
variations in thickness become easily 
visible over wide range. 


RELATED REFERENCES 
AJP 56, 277 (1988) - "Measuring Thickness of a Glass Bottle with a Laser" 


i . SAFETY NOTE ” i 
Whenever using undiverged laser beam, USE CARE not to stike eyes directly or with 
reflected light. Good policy to use 1/2 mW laser for extra margin of safety. Mercury 
light contains ultraviolet. DO NOT stare into light or expose audience except for 
brief periods. l 


Ease of Setup/Construction: A/A 
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INTERFERENCE 0-485 
interferogram Hologram - Plane & Multiplex 


DEMONSTRATION 

PLANE - Place high intensity sodium light 
source in far corner of room and remove any 
shield. Allow ample warm-up time. Pass 
among class acetate-framed transmission 
holograms about 11 cm square available from 
Edmund Scientific Co. Sharper image 
produced at greater distance from lamp. 
Sharpest image produced by expanded laser 
beam. 


MULTIPLEX - Uses combined techniques of 
integram and rainbow hologram. Integram 
integrates various graphical techniques to 
allow display of 3-D images of live 
subjects in motion. Because it is recorded 
from ordinary 2-D motion pictures, images 
that can be captured by movie camera can be 
converted to integraph. 


Popular hologram is woman blowing kiss and 
winking at viewer when viewed over range of 
about 120 deg. Disadvantage is image 
changes color from red to blue (rainbow) 
depending on angle between observer and 
plane of film. Cannot be seen at close 
range; however, 3-D is extremely striking. 
AVAILABLE from Multiplex Co., 454 Shotwell, 
San Francisco, CA 94110. 


RELATED REFERENCES 


TPT 30, 202 (1992) - "Real and Virtual Images Using a Classroom Hologram" - How to 
make and use holograms. 
TPT 30, 557 (1992) - Motion seen in stereo multiplexed reflection hologram can be 
observed by moving light source instead of viewer's eye. 

* * SAFETY NOTE * " 


Laser beams can be dangerous. Use beam diverger and DO NOT allow students to look 
thru hologram directly into beam. Holograms are made with beam striking sheet at an 
angle and are best viewed at a similar angle. 


Ease of Setup/Construction: A/C 
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INTERFERENCE - DIFFRACTION 0-490 
Materials and References Making Holograms 


DEMONSTRATION 

Hologram is interference pattern stored on light-sensitive emulsion 
produced by 2 or more beams emanating from same laser. This type 
"photograph" made using coherent light is unique, storing in emulsion 
not only light amplitude information but also phase information. When 
developed, emulsion becomes sort of diffraction grating recreating 3-D 
image of subject when illuminated with laser of same frequency. 


Making holograms in lab or term project can be very stimulating for 
students and faculty alike. Only low-power HeNe laser and inexpensive 
equipment required. Details in refs at bottom of page plus: 


"Laser Holography - Experiments You Can Do" - T.H. Jeong; 
Thomas Edison Foundation, 1988 (distributed by INTEGRAF, 
P.O.Box 586, Lake Forest, IL 60045). 


"Holography Handbook: Making Holograms the Easy Way" - F. 
Unterseher, J. Hansen, and B. Schlesinger; Ross Books, 
Berkeley, CA 1987. 


"Essay 14: Hologaphy" - T.H. Jeong; p.1105 in "Fundamentals 
of Physics" - D. Halliday and R. Resnick, John Wiley and 
Sons, New York, 1993. 


Special holographic film must be used; INTEGRAF (address above) will 
supply small quantities. Film processing not same as for ordinary 
film; recommended processing details included with film shipment. 
Temperature control during development is ESPECIALLY important. 
Processing chemicals available inexpensively from Photographers 
Formulary, P.O.Box 5105, Missoula, MT 59806. Phone 1-800-922-5255. 


RELATED REFERENCES 


TPT 24, 395 (1986) - Good review article on production theory with 26 refs. 
AJP 55, 1129 (1987) - Production of computer-generated holograms. 
TPT 25, 382 (1987) - "Simple Method of Producing Good Quality Holograms without the 
Need for Expensive Equipment". 
TPT 26, 222 (1988) - "Pre-Newtonian Hologram or How to Make Holograms without All 
the Bother of Inertia and Vibrations". 

i SAFETY NOTE + 4 


Some of chemicals for processing holographic film are TOXIC. Handle with gloves and 
GREAT CARE! 


Ease of Setup/Construction: C/C 
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DIFFRACTION - Fraunhofer 0-505 
Single Slit Fixed, Variable & Finger Slit 


DEMONSTRATION 

Place in naked laser beam variable width 
precision slit to show narrowing of slit is 
accompanied by decreasing intensity and widening 
of pattern. Use screen 5-6 m from slit and take 
data on position of 1st min on either side to 
calculate approximate wavelength of laser (633 
nm). Ref. AJP 33, 922 (1965). Can make into 
experiment by using micrometer microscope to 
measure slit width and obtain percent error. 


FINGER SLIT - Have students use "slit" between 
fingers held close to eye to observe LINE 
filament of 25W or 40W showcase bulb. Students 
may vary width of slit by squeezing fingers 
together. Cover upper third of bulb with red 
transparency or gelatin filter and bottom third 
with blue to see relative positions of red and 
blue against white light from middle third. Use 
Na and Hg sources also. More uniform slit spacing 
achieved using mechanical arrangement of parallel 
strips whose width can be varied. 


ALTERNATE is commercially available glass slides 
with several slits of different widths. 


* = SAFETY NOTE - 
1 to 2 mW laser is adequate for a well-darkened room and is SAFER. For large lecture 
room 3.5 mW is more versatile but EXTREME CARE is needed to see that naked beam is 
not directed toward audience and NEITHER is REFLECTED beam, which also has 
considerable power. 


Ease of Setup/Construction: B/B 
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DIFFRACTION - Fraunhofer 0-510 
Transmission Grating Spectrum Aperture - Line or Other Image 
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DEMONSTRATION 

Use diffraction grating with line filament showcase bulb to see 
continuous spectrum. Then use filters (See 0-720) or Na or Hg sources 
to see line spectrum. Observe fluorescent lamps; combination of Hg 
line spectrum from gas and continuous spectrum from white fluorescent 
coating on inside of tube. Try various grating spacings, e.g., 100 to 
1000 lines/cm. Ronchi rulings work well. HOLOGRAPHIC diffraction 
grating will produce far greater intensity and can be used with 
overhead. Theory on this grating and ideas for classroom use in TPT 
29, 423 & 470 (1991). 

ALTERNATIVE uses Osram lamps available in Tl, Cd, Zn, He and others. 
Requires special ballast on 220 VAC. Tl can use ballast of 210-ohm, 
300W resistor in series with 220 VAC. 


APERTURE or object OTHER than slit shows that each spectral color is 
image of aperture (circles produce circles & rectangles produce 
rectangles). Sodium lamps preferred for monochromaticity. Use 
variously shaped apertures, or bare bulb, on each of several identical 
lamps to convince students "line" spectrum comes from slit aperture. 
Masonite shield shown allows viewing in semi-darkened room. 


RELATED REFERENCES 


AJP 55, 562 (1987) - Coarse oblique incidence gratings (6 lines/mm) and beads 
provide unusual patterns. Theory for intensity given. 
TPT 28, 98 (1990) - Good discussion of replica grating. Determine side with grooves 
by appearance in reflected light after wiping with alcohol. 

ii ü SAFETY N OTE ” ” 


Handle fluorescent tubes carefully. Coating from inside of broken tube is hazardous 
if gotten into open wounds or scratches. 


Ease of Setup/Construction: A/A 
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DIFFRACTION - Fraunhofer 0-515 
2-D Transmission + Laue Pattern Wire & Photo Mesh with Laser 


= DEMONSTRATION 

Place in naked laser beam, wire cloth of 

mesh spacing 60-400 wires/in. Larger 

diffracting angles obtained, and sharper 

pattern, using photographic grating. This 

is available in 250-500-100 lines/in. 
Laser of 1/2 mW adequate. 


MOUNT mesh in photomounts such as 35mm or 
110/126 mounts of outside dimension 2x2" 
_ for easy handling and storage. Source of 
mesh is Small Parts, Inc., P.O.Box 381736, 
Miami, FL 33238-1736 (6891 Third Ave. 
305-751-0856) or Unique Wire Weaving Co., 
Inc., 762 Ramsey Ave., Hillside, NJ 07205 
(201-688-4600). Mesh sold by marine supply 
stores for straining marine gas also works 
well. 


LAUE pattern analog formed by placing two 
photographic meshes in series (say, 500 
and 1000 lines/in) in naked laser beam. 
Laue pattern in X-rays results from 
diffraction by two planes of atoms. 
Enhance effect by rotating one mesh about 
beam axis. Possible with wire mesh but not 
as sharp and effective. 


DISCUSS application to structure of solids 
and to unravelling structure of DNA and 
RNA. 


SCARF, HANDKERCHIEF or HOSIERY can be held 
close to eye while viewing at about 6 m 
from lower power incandescent lamp. See 
S-210. Colored rings are produced by 
diffraction of tiny openings between 
threads. Analagous to X-ray powder 
diffraction pattern. Note change in 
pattern when material is stretched. 


RELATED REFERENCES 
AJP 55, 87 (1987) - "Demonstrating Atmospheric Diffraction Rings with a Tensor Lamp" 
- Microscope slides fogged with breath moisture. 

" * SAFETY NOTE * * 


USE CARE with any laser beam which is not sufficiently diverged. 


Ease of Setup/Construction: A/B 


DICK and RAE Physics Demo Notebook 


04--93 Copyright 1993 by DICK and RAE, Inc. 


DIFFRACTION - Fraunhofer 0-520 
Reflection Grating Concave Mirror 


DEMONSTRATION . 

Use concave mirror reflection grating 
to show combined focussing and 
diffracting properties. Use H-4 100W 
mercury lamp to get bright spectrum. To 
get appreciable U-V radiation, 
carefully break off outer GLASS 
protective envelope which will expose 
inner QUARTZ element. Place fluorescent 
card to show presence of spectral lines 
in U-V region beyond visible violet. 


IDEA - Cheap spectroscope made from 
film canister by cutting 1-2mm slit in 
top and gluing piece of grating over 
lcm hole cut in other end. Ref: TPT 28, 
343 (1990). 


RELATED REFERENCES 


AJP 54, 283 (1986) - Laser beam reflected from ROTATING mirror strikes photodiode to 
give diffraction pattern on scope. 
TPT 31, 82 (1993) - "Spectra of Three Light Sources with a CD" - Compact disc used 
with fluorescent and incandescent lamps. See also 31, 104 for laser as source. 

» : SAFETY NOTE i # 


USE CARE with exposed quartz element; against breakage, T exposed electrical 

leads, and because of excessive U-V exposure. SHIELD CLASS FROM DIRECT LIGHT. Excess 
exposure to near violet wavelengths is thought to produce photochemical changes in 

eye. This is primary reason welders use thick, violet-absorbing glasses. 


Ease of Setup/Construction: B/B 
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DIFFRACTION - Fraunhofer 
Reflection Grating 


RELATED REFERENCES 


0-525 
Steel Engraved Ruler 


DEMONSTRATION 

Use engraved steel ruler as reflection 
grating by allowing naked laser beam to 
graze along ruler surface with 
reflection on ceiling or screen. 
Reflect beam from edge where closest 
spacing (perhaps 1/64") of rulings 
occurs. Note separation of dots in 
diffraction pattern. Now move ruler 
slightly sideways to pick up next 
spacing (1/32") and continue to 1/16, 
1/8, etc. noting decrease of dot 
spacing in diffraction pattern. Laser 
of 2 mW is adequate and safer. 


TPT 25, 175 (1978) - "Laser Speckle" - Explanation involves numerous effects and 
motion differs depending upon color as well as nearsightedness or farsightedness of 
observer. 
AJP 59, 367 (1991) - Compact disk used as grating to measure groove separation. 

x i SAFETY NOTE x + 


Naked laser beams viewed directly or by reflection can be dangerous depending upon 
beam power. USE CARE for your eyes and those in audience. 


Ease of Setup/Construction: 


A/A 
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DIFFRACTION - Fraunhofer 0-530 
Obstac'! Needle, Slit, and Razor Blade 


DEMONSTRATION 

Divergent laser beam used to 
cast shadow of needle or razor 
blade on screen to view 
diffraction pattern. Place 
needle far enough from beam 
diverger so beam significantly 
covers object. Screen should be 
4-5 m beyond object; referred 
to as "long-path" diffraction. 
Students must come up close to 
screen to appreciate detail but 
caution them to BEWARE LOOKING 
INTO LASER BEAM. 


ALTERNATE is carbon arc as 
bright point source. Although 
this source is no longer 
"popular", it is excellent for 
this demo. Focus arc on slit 
with condensing lens (f about 
10 cm) and object positioned 
about 4-5 m from slit with 
screen at similar distance 
beyond object. Adjust slit 
width and position to obtain 
best bright line down center of 
shadow of needle. 


RELATED REFERENCES 


TPT 12, 295 (1973) - "Laser Diffraction Photography" - 1/2 mW laser sufficient. Use 
single lens reflex camera with lens removed and direct positive film. 
TPT 25, 219 (1987) - Has photos of diffraction using unusual objects. 

s ii SAFETY NOTE * i 


USE CARE with laser beams. This is one demo where higher power is advantageous but 
keep naked beam out of reach of eyes. 


Ease of Setup/Construction: B/C 
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DIFFRACTION - Fresnel 0-550 
Circular Opening Pinhole with Laser 


APERTURE PROJECTION 
1 to 2 mm Dia LENS 


40 to 90 mm F.L. 


M 
GER 
mm F. 


L 


DEMONSTRATION 

Place pinhole about 2 mm dia about 10-20 cm from beam diverging lens 
to cast image on screen 4-6 m away. Position hole so beam fills entire 
hole and then move hole away from diverger while observing screen 
pattern. Best viewed by students close to screen. For large room 
insert long focal length magnifier (20-40 cm F.L.) so hole is about at 
focal point. Unfortunately, this reduces intensity at screen such that 
it may be more practical to have students file past screen. Shifting 
pinhole forward and backward changes number of Fresnel zones and 
causes pattern center to change alternately from light (constructive) 
to dark (destructive). Can use negative lens as cheap diverger in lieu 
of 10X objective. 


POWDER DIFFRACTION pattern (circular) from lycopodium powder 


sandwiched between microscope slides can be shown using end wall of 
water-filled tank per TPT 29, 462 (1991). 


RELATED REFERENCES 


AJP 53,255 (1985) - Computer uses Fresnel-Kirchoff theory to yield radial 
distribution of irradiance in circular pattern. 
j i SAFETY NOTE i " 


Laser beams are dangerous. Be sure beam diverger remains in place and CAUTION 
STUDENTS not to look backward into beam. 


Ease of Setup/Construction: B/B 
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DIFFRACTION - Fresnel 0-555 
Circular Obstacle 


Poisson’s Spot 


DEMONSTRATION 

Use diverged laser beam to illuminate ball bearing 
~1-2 mm dia, lock washers, screws or round-headed 
straight pin. Convenient to place objects on end 
of cylindrical magnet as shown here. Place bearing 
~2 m from laser, where beam is 2-3X ball dia, to 
cast large shadow on screen 6-8 m away. Bright 
spot should be visible at center of shadow and 
should remain bright as bearing is moved along 
beam axis. See 0-530 for razor blade and pin 
photos 


CONTRAST this with motion of PINHOLE in O-550 
where intensity at pattern center oscillates from 
dark to bright and back. 


NOTE: Students can see more detail if close to 
screen. Can cast image on frosted glass and view 
with TV or use magnifying lens (20-40 cm F.L.) to 
enlarge screen image, or have students file past 
screen. 


SAFETY NOTE * a 
Higher intensity laser improves visibility in this demo, but BE CAREFUL to use 

safety precautions appropriate to such higher power. Having beam diverger locked in 
place enhances safety. 


Ease of Setup/Construction: B/B 


04--93 
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RESOLVING POWER 0-570 


Rayleigh Criterion - Circular Eye Viewing Two Dots 


DEMONSTRATION 

Place two black dots about 2 mm apart on light background and observe 
from increasing distance until unable to resolve. Determine angular 
resolution by ratio of dot separation to viewing distance. Relate to 
criterion of b sin è= 1.22 N. 


For eye pupil dia of 3 mm, @=0.5 min arc. How far down highway is auto 
when its 2 headlights appear as one? 


Place transparency of aerial photo (Auburn-1986) on overhead and 
discuss distinct resolution of buildings, cars and band members, but 


inadequate resolution of persons in stand. See comment of Iona in TPT 
20, 434 (1982). 


View from the Sky 


RELATED REFERENCES 


AJP 58, 552 (1990) - "Subjective Mearurement of Resolution of a Slit-limited Eye" - 
Uses computer-generated Sayce chart of vertical lines on monitor. 
TPT 28, 491 (1990) - Great Wall of China CANNOT be seen from moon with unaided eye. 


Wall thickness too small by factor of 10,000. 
Ease of Setup/Construction: A/A 
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EYE FUNCTIONS 
Retinal Image 


hf 


if you don't think you can KIH without 
a second look, cover ur right eye 
and stare at the dot below. 


0-580 
Blind Spot 


DEMONSTRATION 

Blind spot is due to lack of sensors on 
retina where optic nerve connects. Place 
very black dot and cross about 5 cm 
apart on white card. Close one eye and 
look directly at cross while moving card 
to and from eye. When card is about 
30-35 cm from eye, dot will disappear as 
its image passes over optic nerve 
connection. Must stare steadily at 
cross. Can also use two small brass 
masses. 


Copy shown courtesy of Virginia Division 
of Motor Vehicles which used it as 
"stuffer" with license renewals to 
emphasize motorcycle safety. 


If you don't think you can kill without 
a second look, cover your right eye 
and stare at the dot below. 


Hold the paper 8-10 inches from your face. When you cover your right eye and stare at the dot, the motorcycle disappears. 


© 
RELATED REFERENCES 
TPT 27, 392 (1989) - "The Optics of the Eye Lens" - Also includes discussion of 
floaters and Haidinger’s brushes. 
TPT 29, 502 (1991) - "Cow’s Eye Dissection in the Physics Lab" - Excellent 6-pg 


discussion of eye components, defects and diseases. 


Ease of Setup/Construction: 


A/A 
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EYE FUNCTIONS 
Retinal Image 


RELATED REFERENCES 


0-585 
Moving Screen - Horiz.& Vert. 


DEMONSTRATION 

Using horizontal strip, focus image of 
35mm slide in projector on piece of 
paper several meters away. At this same 
distance, wave small screen in field of 
projector to observe ENTIRE image. More 
dramatic to stand in OPEN door while 
waving screen so no image can be seen by 
audience on wall beyond. Example of 
retention of retinal image as used in 
movie projectors. 


CONSTRUCT small screen using meter stick 
or wood strip 60-70 cm long and 2-3 cm 
wide. Wrap strip with white butcher paper 
or paint flat white or aluminum for 
increased reflectivity. 


VERTICAL string apparatus described in 
S-380 placed on turntable for spinning. 
Project image onto strings. Spin 
turntable to observe nearly complete 
image viewed from virtually any angle! 


TPT 28, 598 (1990) - “Haidinger’s Brush" - Use 500W bulb to condition eye, then view 
blue sky to prove eye can detect polarized light. 


Ease of Setup/Construction: 


B/A 
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EYE FUNCTIONS 
Retinal Image - Focussing 


by G. Freier 


py at 
THE IMAGE OF THE PIN 


VIEWED THROUGH THE 
PIN HOLE IS INVERTED 


TPE 


( Wi 
eh) 3 ) 


7 


“es, 
GOD. tee 


RELATED REFERENCES 


0-590 
Pinhole Magnify-Retinal Shadow 


DEMONSTRATION 

MAGNIFIED IMAGE in reasonable focus can 
be seen by holding pinhole CLOSE to eye 
to view pin shaft and tip thru tiny 
hole. Also try to read printed page 
held near end of canister viewed thru 
hole. Normal human eye does not focus 
clearly on objects much closer than 25 
cm; babies several cm; 45-year olds 
50cm! Because pin is being viewed from 
about 5 cm instead of normal 25 cm, 
magnification is about 5X. 


SHADOW ON RETINA of pin is observed by 
turning canister end-for-end to hold 
open end close to eye. Pin is so close 
as to be grossly out of focus. Light 
from pinhole, however, casts SHADOW of 
pin, sharp and INVERTED, on retina. 
SHADOWS are ERECT compared to object 
but this one appears upside down 
because we are acclimated from infancy 
to consider an object as erect although 
its retinal image, using eye lens, is 
inverted. 


CONSTRUCT using push pin to make single 
hole just off center in bottom of 35mm 
plastic film canister. Near open end. 
stick pin in radially so point remains 
about on center axis. 


APPLICATION is "glasses" of opaque 
material with series of pinholes which 
increase intensity of image. 


Scientific American, April 1965 - Interesting article on pupilometrics. Pupil size 
increases for pleasing sounds, sights, smells and taste, and decreases for the 


opposite sensations. 


Ease of Setup/Construction: 


A/A 
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POLARIZATION 
Mechanical Analog 


Ease of Setup/Construction: 


0-605 
Coil Spring and Two Big Slits 


DEMONSTRATION 

Polarization analog uses two large wooden 
"slits" oriented parallel or perpendicular 
to one another with coil spring passing 
thru both. TRANSVERSE oscillations of 
spring are "polarized" by slits. 
Longitudinal oscillations are unaffected. 
Sometimes referred to as "picket fence" 
analogy. Electric fields can be polarized 
by set of closely spaced parallel wires. 


NOTE: E-field transmitted has E-vector 
PERPENDICULAR to wires, not parallel as 
mechanical analog suggests because wires 
effectively absorb energy parallel to 
wires. See Shurliff and Ballard, "Polarized 
Light" (Momentum Book No.7), Van Nostrand 
(1964). 


CONSTRUCT from wood strips about 1.5 x 3.5 
cm. For long, helical-wound, coil spring 
about 2 cm dia, slots should be about 2.5 
cm inside and 85 cm long. Attach to rods to 
allow support from table clamps. 


B/A 
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POLARIZATION 
Dichroic Material 


For angle @ between transmission axes 


Thru ist sheet: 
Thru 2nd sheet: 


Max/Min when dI,/d® = 0 or 


iz] 
@ 


90 deg 
0 deg 


TRY repeating this analysis 


0-610 


Polaroid (TM) - Malus’ Law 


DEMONSTRATION 

Place sheet on stage of overhead to show 
reduction of intensity - 50% for "perfect" 
Polaroid, 32% transmitted by type HN-32. Add 
second sheet over first and rotate relative to 
first to show gradual change in intensity. MALUS” 
LAW can be tested with this using light meter. 
See TPT 26, 570 (1988) - "Interference and 
Polarized Light". Vinyl "arrow" added to sheets 
to indicate transmission axis. 


Polaroid illustrates one of 4 ways to polarize 
light, i.e., dichroic material which separates 
unpolarized light into two components and then 
absorbs most of one component. Property is due to 
long chain molecules. "H" refers to type sheet 
and "N" to its neutral color. There are also 
types J and K. 


APPLICATION for sunglasses or binoculars used in 
Artic or desert is pair of sheets mounted to clip 
over binoculars with one sheet rotatable to 
adjust intensity. For HN-32, what is maximum 
percentage transmission possible with 2 such 
sheets? What is angle between planes of 
transmission for this maximum? 


For "perfect" Polaroid (HN-50): 
Malus 


I, (1/2) (3/4) = I, (3/8) 
or 37.5% 


I, = I, (1/2) (0.64) or 32%, hence HN-32 
I, = I, (0.64) cos*e = I, (1/2) (0.64)? cos*e 
= 0.205 I, cos 26 


Sin(26) = 0 
O no light 
0.205 I, Or 20.5% 


Min with I 
Max with I 


for 3 sheets; lst and 3rd having 


transmission planes "crossed" and 2nd between other two at angle @ to 


lst one. 


RELATED REFERENCES 
"Optics" - Second Ed., 


Hecht and Zajac, 


Ease of Setup/Construction: 


04--93 


Addison-Wesley (1987) - Chap 8. 


A/A 
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POLARIZATION 0-615 
Scattering Blue Sky and Powdered Cream 


DEMONSTRATION 

Scattered light is partially polarized. 
Observe blue sky at right angles to 
direction of sun’s rays using sheet 
Polaroid. Rotation of sheet varies 
intensity of sky light. Scattering varies 
with wavelength according to 1/\*. Hence 
blue is scattered out perpendicularly 
leaving predominance of red in transmitted 
light. 


POWDERED CREAM dissolved in large beaker of 
water illustrates scattering. See setup in 
0-035. Illuminate jar from above with 
50-75W projection spot lamp and observe 
light scattered into horizontal plane using 
Polaroid sheet. Rotate Polaroid. 


Scattering depends on particles whose size 
approximates h. Contrast scattering using 
EXHALED cigarette smoke with that scattered 
from smoke rising from hot TIP of 
‘cigarette. Particle sizes differ. 


Fig. below from Edwin Jones/Richard 
Childers, "Contemporary Physics" @1991 by 
Addison-Wesley Publishing Co. Inc. 
Reprinted with permission of the publisher. 


Light source 


Scattering particle 


a Partially 
JEEN polarized 
` light 


Polarized 


light 
; Unpolarized 

light 
RELATED REFERENCES 
TPT 23, 267 (1985) - "Colors of the Sky" - Blueness, water vapor, purity, brightness 
and sunsets! 
AJP 54, 222 (1986) - "At what Altitude Does the Horizon Cease to be Visible" - 
Detailed analysis. 
TPT 24, 418 (1986) - "Polarization of Scattered Light" - Splitting laser beam in two 
parts for comparison. 
TPT 28, 504 (1990) - "How Does the Honeybee Sense Polarization?" 


Ease of Setup/Construction: A/A 
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POLARIZATION 
Reflection - Brewster’s Law 


RELATED REFERENCES 


0-620 
Glass Plate(s) and Floor Tile 


DEMONSTRATION 

Use pile of 5-10 glass plates with 
light beam striking at polarizing 
angle of about 48 deg to normal. 

(n = tan ©&®) Observe effect of 
rotating sheet Polaroid in incoming 
as well as in reflected and 
transmitted beams. Reflected beam 
almost totally polarized; 
transmitted only partially 
polarized for single sheet but 
successive sheets increase 
percentage of polarization. Compare 
with reflection from single sheet 
at polarizing angle. See 0-730 for 
polarization in reflection from 
beaker of antifreeze. 


IDEA - Use Polaroid sheet to 
examine light reflected from 
painted table or from tile floor. 
These are dielectrics. What value 
of n is obtained? 


CONSTRUCT cheap version of pile of 
plates using microscope slides 
taped together along sides with 
masking tape. Fancier version shown 
has 8x10 sheets held in frame in 
stand for adjusting angle. 


AJP 55, 279 (1987) - "Reflection of Polarized Light at Surfaces" 


Ease of Setup/Construction: A/A 
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POLARIZATION 0-625 
Double Refraction Calcite - Cellophane 


DEMONSTRATION 

Place calcite crystal (Iceland Spar) over 
transparency containing printed matter on 
overhead to show double image. Then use mask 
with hole 1-2 mm dia and place crystal over 
hole using longest crystal dimension vertical. 
Two images on screen show doubly refracting 
property. Rotate sheet Polaroid anywhere in 
overhead beam to show each beam is polarized 
and planes of polarization are perpendicular. 
Have student stand at screen with pointer on 
one of two beams while crystal is rotated by 
hand. Beam moving in circle is called 
EXTRAordinary (E-ray). Other is ordinary 
(O-ray). 


IDEA - Pass several crystals around class to 
have students read book thru crystal (2 
images). Include Polaroid, if possible, for 
each to see polarizing property. 


š — One source of crystals is Evergreen Rock Shop, 
New Market, VA 22844. 


CELLOPHANE is also doubly refracting, 
exhibiting interference effects as in 0-630. 
Cellophane TAPE such as Scotch (TM) is often 
manufactured in about thickness such that E & O 
beams exit with half wavelength phase 
difference which makes it a HALF WAVE PLATE. 
Cigarette cellophane is about this thickness. 
Not all such tapes and wrappers are doubly 
refracting. True cellophane is. 


RELATED REFERENCES 
AJP 54, 455 (1986) - Analog of half wave plates made from springs and balls. 


Ease of Setup/Construction: A/B 
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POLARIZATION 0-630 
Double Refraction Interference with Cellophane 


DEMONSTRATION 

Place sheet(s) of cellophane between two sheets 
of Polaroid. Rotate cellophane slightly between 
"crossed" and "parallel" Polaroid sheets. Note 
complementary colors. Increase thickness of 
cellophane by folding over. Clear cellophane 
tape also works well but note that not all 
clear tape is doubly refracting. Motor-operated 
Polaroid disk adds convenience. Mask out 
extraneous light from overhead. 


IDEA - Make American flag using different 
layers of tape to get proper interference 
colors or make set of school initials. 
Psychedelic color show can be made placing 
succession of cellophane patterns on overhead 
using motor driven Polaroid. Can form patterns 
on sheet of window glass using multiple layers 
of cellophane tape. 


THEORY on this effect is rather involved, 
requiring analysis, with vectors, of phase 
relationship between two refracted beams. 


RELATED REFERENCES 


AJP 58, 580 (1990) =- "Interference Patterns from Circularly Polarized Light Using a 
Michelson Interferometer" - Opposite rotations in 2 arms gives linearly polarized 
light upon recombination but plane changes according to phase. 

TPT 28, 464 (1990) - "Polarized Light Corridor Demonstrations" - Numerous 
applications to strain patterns, reflection, scattering, Faraday effect, double 
refraction including construction details. 


Ease of Setup/Construction: A/A 


DICK and RAE Physics Demo Notebook 


03--93 Copyright 1993 by DICK and RAE, Inc. 


POLARIZATION 0-660 
Double Refraction - Stress Strain Polyethylene-Beam Model 


DEMONSTRATION 

Place sheet of Polaroid on stage of 
overhead and tape second sheet to 
underside (or front) of upper lens. Rotate 
first sheet into "crossed" position to 
give darkened field. Place strip of 
polyethylene (Baggie or some dry cleaner’s 
plastic) about 4 x 20 cm onstage and 
gently stretch it. May help to cut notch 
or narrow strip with scissor near middle. 
Stretching produces stress, causing double 
refraction in some materials. Colors 
result from interference being dependent 
upon film thickness. May be necessary to 
rotate strip in field to enhance contrast 
and colors. 


BEAM MODELS made from photoelastic 
materials can be stressed using plier-like 
clamps. When models placed between crossed 
Polaroids regions under higher stress 
change color more rapidly. 


APPLICATION is in engineering to prevent 
failure in actual structure by locating 
regions of potentially high stress using 
model, followed by more detailed design 
studies. 


RELATED REFERENCES 

Scientific American - "The Architecture of Christopher Wren" (p-160, July 1981) and 
"Gothic Structural Experimentation" (p.176, Nov 1984) - Both use photoelastic models 
to investigate stresses in flying butresses in Gothic cathedrals. 

AJP 59, 366 (1991) - Experiment on interference of polarized light using magnetic 


field on nematic liquid crystal in wedge-shaped cavity between microscope slide and 
window glass. 


Ease of Setup/Construction: A/B 
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POLARIZATION 0-675 
Application 3-D Color Slides 


DEMONSTRATION 

Use 3-D "glasses" to view two slides of same scene superimposed on 
ALUMINIZED screen. Beaded glass screen is dielectric and destroys 
polarization of reflected light. Use identical projectors with 
polarizing filters over both lenses. 


SETUP - Orient Polaroid filter on projector with left eye (L) slides 
to give MINIMUM illumination in right eye of viewers. Repeat for R 
Slides as seen by left eye. Result is that left eye sees only light 
from L projector and right eye light from R projector. Polaroid 
glasses available from Polaroid Corporation. 


TAKE SLIDES using identical cameras side by side. Spacing is not 
critical (20-30 cm works well) but fields must match as closely as 
possible. Beware of differences using zoom lenses. Identify slides 
made by left camera (L) and with right camera (R). 


NOTE: ONE camera could be used with successive pictures from 2 
positions for still scenes IF CARE is taken in aligning edge of scene 
and in maintaining identical magnification (object distance). Two 
cameras easier to use. 


Ease of Setup/Construction: B/C 
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POLARIZATION 0-685 
Optical Activity Three Compartment Tank 


DEMONSTRATION 

Light from projector, defined by 12 mm aperture as "slide", passes 
thru sheet Polaroid producing plane polarized light to enter one of 
three tank compartments. Center compartment has water - no rotation of 
plane of polarization. Another has turpentine which rotates plane 
left-handedly (looking into oncoming light). Third has dextrose (white 
Karo syrup) for right-handed rotation or levulose for left-handed 
sugar. Light leaving tank is examined with second Polaroid, which can 
be used to measure angle and sense of rotation of plane of E-vector. 
Rotation angle depends on concentration. 


CONSTRUCT tank about 15 cm wide, 20 cm long, 10 cm deep of acrylic 
sheet having three compartments, glued with ethylene dichloride or 
name brand acrylic cements below. Compartment width should be about 
equal to dia of projector beam or slightly larger. 


ACRYLIC CEMENTS: Weld-On #3, Industrial Polychemical Service, P.O.BOX 
471, Gardena CA 90247 and H-94, Schwartz Chemical Co., Inc., 50-01 
Second St., Long Island, NY 11101. 


RELATED REFERENCES 

"List of Extremely Hazardous Substances", Environmental Protection Agency - The 
Emergency Planning and Community Right-To-Know Act of 1986, 40 CFR 355. Current list 
should be available from a local industry or Office of Civil Defense. 


ig ed SAFETY N OTE i as 
The above are INDUSTRIAL solvents and carry warning labels re inhalation and/or 
burns. None of these chemicals was on March 1988 "List of Extremely Hazardous 
Substances”. As with all chemicals, USE WITH CARE. 


Ease of Setup/Construction: B/C 
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POLARIZATION 
Optical Activity 


Ease of Setup/Construction: 


0-690 
Karo in Beaker - Barber Pole 


DEMONSTRATION 

Pour Karo corn syrup undiluted carefully 
down side of tall slim beaker to avoid 
adding air bubbles. Prepare mask with hole 
about 2/3 dia of beaker to block out 
excess light. Place beaker over mask on 
stage of overhead with sheet of Polaroid 
under mask. Use second sheet Polaroid for 
students to observe light emerging from 
top surface has different plane of 
polarization for different colors. Also 
have students view light scattered out of 
sides of beaker using additional Polaroid. 
Slowly rotate Polaroid beneath beaker as 
well. 


BARBER POLE is hollow acrylic cylinder 
50-60 cm long fitted with acrylic bottom 
and filled with full-strength white Karo. 
Light from projector and Polaroid 
reflected by mirror upward into tank. 
E-vector "corkscrews" at differing rates 
for different colors so scattered light 
viewed at right angles to projector beam 
shows variations of color and intensity. 
Barber pole effect secured by continuously 
rotating bottom Polaroid. Note that 
observer looking from position behind 
projector does not see same color as 
observer to right or left side. 
Interesting to examine this light thru 
Polaroid to detect polarization effects. 


B/A 
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COLOR 0-710 
Color Addition - Mechanical 12-in-1, Fan, and Colored Disk 


DEMONSTRATION 

12-in-1 apparatus used in M-768, F-240, B-285, and others has segments 
painted red, blue, aqua, and yellow plus elements of "Smiley Face" 
View disk in strobe light with strobe set at multiples of motor speed: 
1, 2, and 4. At 4X each quadrant is seen 4 times per revolution which 
adds all colors to produce near white. Observing full "Smiley Face" 
convinces students strobe rate is indeed 4X motor speed. See also 
0-720. ‘ 


FAN of three blades, each painted blade with different "primary" 
color. Difficult to find proper shade of each color to add up to 
white. Four-bladed fan can have extra blade in combination of colors. 


COLORED DISK is child’s toy consisting of disk with two holes for 
string loop, twisted by twirling, so as to spin disk when strings are 
pulled taut. Paint disk as above or half blue-half yellow to generate 
green when spun. 


RELATED REFERENCES 
TPT 24, 564 (1986) - "A Hallway Display of Color Mixing" 


Ease of Setup/Construction: A/c 
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COLOR 


0-720 


Color Addition - Beam Overlap 3 Mirrors on Blocks 


RELATED REFERENCES 


DEMONSTRATION 

Insert special slide in projector. Place 
mirror block on top of angled block and rotate 
angled block to adjust angle of reflected 
beams on screen to produce overlap. Color TV 
uses adjacent colored phosphors on screen so 
closely spaced that eye considers them 
overlapped. 


CONSTRUCT with slide of primary colors using 
card stock in which three 7 mm diameter holes 
have been punched. Tape different color filter 
over each hole. Filters produced by Lee 
(#106-red, #120-blue, and #139-green) are 
available from theatrical suppliers. To 
control beams, glue three small mirrors 25 mm 
square onto 25 mm square wooden blocks. Cut 
three similar blocks but with top inclined 
about 15 deg. Ref. TPT 26, 296 (1988). 


ALTERNATE is to use 3 Carousels with 12 mm 
aperture slide each, one with red filter, 
another green, another blue. Because blue is 
weak, use 500W lamp setting on this one and 
300W on others for better white balance. See 
also 0-710. 


TPT 24, 419 (1986) - "When is Yellow Yellow?" - Color mixing, perception and 


detection with grating. 


Ease of Setup/Construction: B/C 


03--93 
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COLOR 0-730 
| Color Subtraction Theater Filters - Antifreeze 


DEMONSTRATION 

Place 3-filter overlay on overhead. 
Overlapping magenta (minus green) and 
yellow (minus blue) leaves red. 
Overlapping cyan (minus red) and yellow 
(minus blue) leaves green. Overlapping 
magenta (minus green) and cyan (minus 
red) leaves blue. All three overlapped 
is minus red, green and blue which 
yields black. 


CONSTRUCT using partial overlap of 
following: (Numbers are for LEE filters 
available from theatrical supply 
houses) Magenta #128, Cyan #116 and 
Yellow #101. (May find 2 layers of 
yellow desirable.) Convenient to tape 
filters onto cardboard mask to block 
out unwanted light from overhead stage. 


ANTIFREEZE, ethylene glycol such as 
Prestone, Zerex, etc., in 500 ml beaker 
on overhead is strong absorber of blue. 
Use each of above 3 filters beneath (or 
above) beaker. Cardboard mask beneath 
beaker reduces unwanted light. With 
room lights off, observe beaker in 
direction 20-40 deg from beaker axis. 
Reflection of light from 
glass-antifreeze interface produces 
unusual pattern. Examine with Polaroid 
from this angle also! 


FLUORESCENCE to depth of several cm can 
be observed by placing beaker under U-V 
light. Good example of progressive 
absorption (and scattering). 


Pigments in paints and inks produce 
color in this manner but by selective 
reflection rather than transmission. 


RELATED REFERENCES 


TPT 28, 200 (1990) - "Sunglasses that Switch On and Off" - Good expts on darkening 
and recovery vs time, intensity, wavelength and temperature effects. 
. x SAFETY NOTE j x 


Ethylene glycol is combustible and is poisonous (and attractive) to pets. Use care 
in disposal. 


Ease of Setup/Construction: A/A 
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COLOR 0-740 


Selective Absorption Fabrics & Theatrical Filters 


DEMONSTRATION 

Use glass or ethyl cinnamate prism in 0-275 to produce white light 
spectrum, well-dispersed, on white card. Show effect of various 
colored glass and plastic or gelatin filters by inserting in beam. 
Some are narrow band, some wide. In particular, use Lee filters of 
colors used in 0-720 on color addition and 0-730 on color subtraction. 


Place various multi-colored fabrics and printed pages in beam of light 
colored by filters above. For example, Coke sign in red on white 
disappears in proper shade of red light. Helpful to compare perceived 


color by moving materials alternately from colored light to white 
light. 


IDEA - Some newspapers still use 3-color overlays for printing color 
photos. Ask for discards to use as "pass-arounds". Can also use 
portions of these as filters. : 


RELATED REFERENCES 


TPT 29, 382 (1991) - Inexpensive easy-to-construct models for overhead or as 
pass-around to show effect of filters in series. 


Ease of Setup/Construction: B/A 
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COLOR 0-750 
Land Experiment Flashlights & Colored Shadow 


es DEMONSTRATION 

Place 2 flashlights to cast adjacent 
Shadows of object such as toilet tissue 
tube on screen. Introduce red or green 
filter in front of one flashlight to 
produce unexpected additional color on 
screen. 


THEORY in Sci. Amer. May 1959, p.84-99 - 
"Experiments in Color Vision" by E.H. 
Land, inventor of Polaroid. Eye can 
perceive full color in images which, 
according to classical theory, should be 
monochromatic. Method described using 2 
B-W positive transparencies, 1 exposed 
thru red filter and 1 thru green. Next, 
transparecies are illuminated separately 
by 2 "yellows", different but close 


| eee wavelengths, to provide full range of 
| A \ colors. 


eed | “ato ts wen COLORED SHADOWS produced using two 
slides with black and clear areas as 
shown. Use two projectors and 
Superimpose images so one projector 
illuminates center box and other 
periphery. Place green (or red) filter 
in one projector, while other remains 
white. Change saturation of green by 
switching projector from 300W to 500W or 
use autotransformer on one projector and 
not on other. Illusion of another color 
appears! 


NOTE - If autotransformer used, do not 
use voltage low enough to stop projector 
fan motor from circulating cooling air. 


RELATED REFERENCES 

Sci. Amer. Jan 1963 p.107-116 - "Perception of Neutral Colors" - Ratio of 
intensities important, not absolute intensity. Intensity can also result in change 
in color, i.e., orange dot appears brown if Surrounding ring becomes higher 
intensity white. 


Sci. Amer. Oct 1963 p.84-93 - "Afterimages" - Explanation based on diffusion of 
colored light thru retinal layers. 
TPT 28, 430 (1990) - "Figuring Physics" =- 6 regions of shadow from 3 bulbs - What 


are colors in each? 


Ease of Setup/Construction: A/A 
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COLOR 0-760 
Fluorescence Detergent Boxes & Ultraviolet 


DEMONSTRATION 

Detergent boxes frequently have 
fluorescent inks to brighten image 
and catch shopper’s eye. Show 
collection of these in ultra-violet 
light. See 0-730 for fluorescence of 
antifreeze. 


IDEA - Use fluorescent chalk, known 
as "lecturer’s chalk and available 
from school supply firms, to 
decorate chalk board for special 
programs and illuminate with one or 
two 48" tubes described below. 


Cheap source of near-violet and UV 
is fluorescent fixture fitted with 
BLB-Black Light tubes available from 
GE and perhaps others. Sizes are 20W 
(22") or 40W (48"). 


RELATED REFERENCES 
TPT 31, 41 (1993) - "Ultraviolet Viewer" - Cardboard tube and filter with cardboard 


insert painted with fluorescent paint allows detection of U-V without viewing 
directly. 


* * SAFETY NOTE * i 
Overexposure to UV is potentially dangerous. Place lamps so audience and 
demonstrator do not view direct radiation continuously. 


Ease of Setup/Construction: A/A 
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COLOR 0-770 
Color by Contrast Retinal Fatigue-Color Illusion 


DEMONSTRATION 

RETINAL FATIGUE can be shown by staring at brightly colored object in 
good light for ~30 s. Next stare at blank white paper to see after 
image in complementary color because fatigued cones on retina send 
weaker signal to brain. All colors produce white but white minus 
fatigued color produces complementary color. 


Color illusion 35 mm slides have been available commercially in past 
from scientific supply houses. Try distributors of materials for 
psychology. These show many psychological effects of color such as: 
identically shaped boxes, one appearing of lighter weight because of 

color paint used or two hallways of equal length, one appearing longer 
than other because of color. Popular slide shows U.S. flag in cyan 
(complement of red), yellow (complement of blue, and black (complement 
of white). Retinal fatigue effect produces red, white and blue after 
staring as above. 


Fase of Setup/Construction: A/A 
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OPTICAL ILLUSIONS 0-805 
Spatial Effects Real Illusions and Spoofs 


Fig. A Fig. C 
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DEMONSTRATION 

This family of illusions above are over 125 years old. They were part 
of 35-mm slide set sold in 70s by Edmund Scientific under Cat. P-42142 
and are no longer available. Check with Psychology Department if you 
wish more. 

A - Zollner Illusion (1860) - parallel lines with cross hatch appear 
as curved lines. 

B - Hering’s Illusion of Direction - vertical lines actually straight 
& parallel. 

C - Poggendorf’s Illusion - Is left hand line continuation of upper or 
lower line on right? 

D - Lines and masses but some people see stack of 4 cubes. 

Dick & Rae assume these are now old enough to be considered public 
domain. Reproduce as you wish. 


SPOOF Illusions below are credited to Allan Neil from "Neil Illusions" 
in "New Scientist and Science Journal", 1 April 1971. 


Note that the lines do not appear parallel Note how the pipe appears bent under the arrow Note how the line appears thicker 
where it passes through the column 


THAT M 
E SS 
BA Z Y p =a 
M, 
2 4 6 
Note how one line appears longer Note that the boxes appear to be different sizes Note how quicly the figure disappears 


when you look directly at it 


RELATED REFERENCES 


TPT 25, 206 (1987) - Illusions with Plane Mirrors" - Single, double and partially 
silvered mirrors with dimmers - 22 refs. 


Ease of Setup/Construction: A/C 
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RELATIVITY 
Relative Motion 


RELATED REFERENCES 


S-020 
Tractor on Paper-Chalk in Hoop 


DEMONSTRATION 

Use battery-operated vehicle 
moving at constant speed. Place 
vehicle on butcher paper ~1.5 m 
long so tractor moves transverse 
to longer dimension of paper. 
First, run tractor with paper 
stationary. Repeat, while 
pulling paper by hand at as 
constant speed as possible. 
Repeat with tractor moving in 
direction of paper motion and 
opposite to paper motion. Try 
moving paper at same speed as 
tractor but in opposite 
direction so tractor remains 
motionless in lab frame. 


DISCUSS classic problem of 
rowing to point directly across 
a swiftly moving river. If 
appropriate, explain why a light 
source, moving at speed of 
light, does not result in 
"stopping" light beam. 


CHALK IN HOOP - Tape short piece 
of chalk on inner side of 
embroidery hoop. Place hoop on 
chalk rail and use chalk to 
trace path traversed as hoop is 
rolled on rail. Path is cycloid. 
Use to show that point of 
contact of tire on road has NO 
velocity parallel to road, if no 
slipping occurs. 


DISCUSS motion as it appears to 
person riding with piece of 
chalk. See Prof. Freier’s 
cartoon with M-678. 


AJP 58, 495 (1990) =- Still photos show "fixed" point for various rolling and lever 
mechanisms. 
TPT 28, 55 (1990) - Review of "The Essence of Relativity, 60-min VHS cassette 


produced by Insight Press, 614 Vermont St., San Francisco, CA 94107 - $16.95 


Ease of Setup/Construction: 


B/B 
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RELATIVITY S-025 
Coordinate Systems Wooden Axes 


DEMONSTRATION 

Place longer set on table as "fixed" frame. Discuss effects on motion 
in moving frame while holding smaller (moving) axes in hand. Use 
painted meter sticks as "r-vector" to locate points relative to 
origin. 


CONSTRUCT using sticks of square cross section glued and screwed 
together and painted contrasting colors as aid in describing axes. Can 
also use small block drilled along 3 mutually perpendicular axes to 
accept short pieces of dowel rod as axes. Rods can be sharpened in 
pencil sharpener if tapered ends desired. Suggested lengths are 30 cm 
and 18 cm using 8 mm dia rod. 


GEORGE By G. Freier 
& | = ty 
A CAN THE LORENTZ) p~- 
= CONTRACTION AFFECT } © 0-0 ~~ 
SOUR RETIN J 


RELATED REFERENCES 


TPT 28, 110 (1990) - "Inclined Plane on a Frictionless Surface" - Classical problem 
in relative motion. 
TPT 31, 177 (1993) - "The Mobile Frame of Reference" - for " showing North, South, 


East, West, up and down". 


Ease of Setup/Construction: A/B 
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RELATIVITY S-030 


Length Contraction Film - Relativistic Ride 


George by G. Freier DEMONSTRATION 
Visual effects of finite velocity 
Fa of light shown in computer-animated 
j ; film loop depicting observations 
ne shun? while moving along pole-lined road 
at ever increasing speed. Also 
includes effects of time dilation 
and Penrose-Terrell rotation. 
Produced by Educational Research 
Center, MIT, Cambridge, MA 02139 
and distributed by Educational 
Development Center, Newton, MA 
02160. 


RELATED REFERENCES 

Gamow - "Mr. Tompkins in Wonderland", Cambridge Univ. Press, Cambridge, England 
(1940) - Reprinted 11 times, this small book on relativity has 6 dreams and 3 
appendices (lectures) on relativity, curved space and quanta. One describes 
experience riding a bike when speed of light is 10 mph. 


Ease of Setup/Construction: B/B 
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RELATIVITY S-035 


Coriolis Effect Foucault Pendulum Model 


= DEMONSTRATION 

Available commercially to be used on 
overhead, simple Foucault pendulum model is 
Supported by clear acrylic base which can be 
rotated about vertical axis. Plane of 


pendulum swing is not altered by rotation of 
suspension. 


TPT 21, 477 (1983) - Foucault pendulum, 
electronically pulsed at end of each swing 
and designed by Hyman Kruglak of W. Mich. 
Univ., is good permanent exhibit. Accurate to 
2% on 3-day run with 50-cm suspension. 


RELATED REFERENCES 


AJP 54, 759 (1986) - Hall demo uses phototransistor to control magnetic pulsing of 
pendulum. 

AJP 55, 67 (1987) - Cone model with simple geometry but considerable math. 

AJP 55, 1014 (1987) - TV camera mounted above spherical dish and ball. 

TPT 28, 264 (1990) - "The Foucault Pendulum As a Murder Weapon and a Physicist’s 
Delight" - Operation and application with 14 refs. 


Ease of Setup/Construction: A/C 
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RELATIVITY S-040 
Coriolis Effect Deflection of Water Stream 


DEMONSTRATION 

Aim stream from Toricelli column down long 
side of photo tray. Place tray on turntable 
and weight base of column so it does not 
topple when rotated. Start water flow and then 
spin. Column height about 20 cm of water head. 


An observer on rotating platform, noting 
deflection of stream, would attribute it to 
fictitious force in lab frame. DISCUSS 
fictitious force called Coriolis, -2ma@ xv on 
each particle of water, giving appearance of 
sideways force. DISCUSS centrifugal as another 
fictitious force, -m@x @x ¥) arising from 
rotating (non-Newtonian) frame. 


APPLICATION is CCW rotation of air mass in 
hurricane N of equator, zero force at equator, 
and CW rotation S of equator. 


George by G. Freier Coriolis Acceleration 
A ROTATING OBSERVER SEES A 

CURVED TRAJECTORY IN A HORIZONTAL 

PLANE AS WELL AS IN A VERTICAL PLANE 

AND SAYS THAT THERE IS A CORIOLIS 


a 


Tey ACCELE sa 
= (<> == =e 


RELATED REFERENCES 


TPT 25, 86 (1987) - Seven "proofs" that earth rotates. Excellent applications of 
Coriolis effect. 

TPT 26, 508 (1988) - Continuous water stream on rotating table. Includes excellent 
refs to other Coriolis demos. 

AJP 58, 381 (1990) - TV camera mounted over 18" dia pan fitted with radial fins 


rotated ~12 rpm. Discussion of whirlpools and bathtub drain. 


Ease of Setup/Construction: B/B 
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RELATIVITY 


S-050 
Michelson Morley Experiment Michelson Interferometer 
DEMONSTRATION 
See 0-440. 


USE CARE with naked beam of laser. 


RELATIVITY 


: Accelerated Reference Frames 


S-055 
Water/Masses in Styrofoam Cup 
DEMONSTRATION 


Use M-188. 
RELATED REFERENCES 


TPT 29, 122 (1991) - Application of Einstein’s Equivalence Principle to monkey 
problem as aid to understanding theory. 


RELATIVITY 
Curvature of Space-Time 


S-065 
Garbage Bag on Trash Can 
DEMONSTRATION 
Use M-822 


RELATED REFERENCES 


AJP 55, 759 (1987) - Deflection of light passing by sun due to three-space 
curvature. 


RELATIVITY 
Black Hole and Orbit Analog 


S-075 
VORTX Funnel Coin Collector 


DEMONSTRATION 
Use M-822. 


RELATED REFERENCES 


AJP 54, 1021 (1986) - "A Retrograde Motion Model" - Balls driven by clock motor. 


TPT 25, 546 (1987) - Inflate balloon containing two or three coins and swirl coins 
around circumference. Also see TPT 25, 61 (1987). 
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QUANTUM PHYSICS 
Quantization 


By George Freier 


RELATED REFERENCES 


S-095 
Photoelectric Effect on Zinc 


DEMONSTRATION 

Attach to electroscope piece of 
freshly polished zinc or 
galvanized iron and illuminate 
with carbon arc. Focus beam on 
metal with QUARTZ lens to transmit 
UV and concentrate light. No lens 
necessary if arc close to metal. 
Positively charged electroscope 
will not discharge when light 
shines on metal but negatively 
charged one loses charge quickly. 
Shows that negative charges 
(electrons) are ejected from metal 
surface by light. Different metals 
require different wave lengths of 
light to produce emission. 


USE sheet of window glass in beam 
to stop discharge process, showing 
that UV is responsible for 
ejection of electrons. Confirm by 
calculating wavelength of photon 
corresponding to work function 
energy (Wo). 

hf = Wo + 0.5 mv* 
where m and v are mass and MAX 
speed of any of ejected electrons; 
most have less than this value. 


TPT 24, 353 (1986) - Three demos using Wimshurst machine connected to Zn plate. 
TPT 26, 492 (1988) - Chronology and apparatus description associated with Hertz 
discovery. 

TPT 26, 581 (1990) - Build up of image due to accumulation of photon energy can be 
seen using Kodak "studio-proof paper" - 30 min exposure. 


Ease of Setup/Construction: B/C 
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QUANTUM PHYSICS S-100 
Planck’s Constant Light Emitting Diodes 


Voltage vs Frequency 
Light-Emitting Diodes 


Diode Voltage — volts 


—— ~q Lu FT —T T Co T 
460 470 480 490 500 510 520 530 540 
Frequency at Maximum Intensity — teraHz 


1.7 
450 


DEMONSTRATION 

Obtain LEDs of several colors along with manufacturer’s data on wave 
length. In totally darkened room or using box with peep hole, measure 
voltage required to barely make visible a given diode. Plot graph of 
this voltage vs. frequency calculated from above wave length. Slope of 
graph is h/e. Multiply slope by electronic charge to get Planck’s 
constant, h, with about 10% error. Ref. TPT 14, 423 (1974). 


If lab measurements not feasible, use General Instruments, Inc. 
catalog which lists numerous LEDs and has curves of V vs I, wavelength 
distribution and spatial distribution. Data shown on "typical" voltage 
and "peak" wave length is only 2-digits but yields h to better than 
10%. This ignores threshold values. Do not use reverse voltage values 
or "max" values. Sample values are: 


Voltage Color Wave Length 


volts nm Ve = hf = he/X 
1.8 Red 660 
2.0 Orange 635 V = (hfe) £ 
21 Yellow 589 
2.2 Green 562 


GOOD LAB to measure efficiency of LED contained among questions for 
XXI International Physics Olympiad. See AJP 60, 118 (1992). 


RELATED REFERENCES 


Science, 187, 605 (1975) - Victor Weisskopf, "Of Atoms, Mountains, and Stars: A 
Study of Qualitative Physics" - Characterization of matter in terms of M, m, e, C, G 
& h. 

TPT 30, 315 (1992) - "Diode Characteristics to Determine Boltzmann Constant" -= 


Measure V & I for diode (e.g., 1N3046B). Plot ln (I/Io+1l1) vs V and slope is k for 
LOW V only. 


Ease of Setup/Construction: B/A 
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QUANTUM PHYSICS S-105 
Standing Electron Waves Banding Mat’l-Corrugated Roof 


DEMONSTRATION 

Place banding material on hard floor and oscillate with one hand to 
reach resonance in fundamental bell mode or higher. Note position of 
nodes and antinodes and that circle contains integer number of 
wavelengths as when orbital electrons form standing waves in hydrogen 
atom. In photo, antinodes are seen smeared due to excessive motion on 
lower right, far left and bottom center. Hand is also at antinode. See 
W-155 and W-160 for bell mode applications. 


CONSTRUCT using steel banding material about 1.5 cm wide and 1/2 mm 
thick; type used to strap heavy cardboard boxes. Secure piece about 
1.5-2 m long and join ends to form circle. 


CORRUGATED TRANSLUCENT plastic panels, often used for roof of porch or 
carport and sold in 8-ft length panels, are cut into strips 3-4 cm 
wide. Join ends to simulate standing wave for electron orbits. 


Ease of Setup/Construction: A/A 
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QUANTUM PHYSICS 
Heisenberg Uncertainty Prin. 


By G. Freier 


Tr hù , How COME 
NEWTON DIDNT KNOW? 


“GEORGE” 


Ease of Setup/Construction: A/A 


§-110 
Effect of Device Used 


DEMONSTRATION 

Fill to approximately equal 
depths each of following: 
aquarium, beakers of different 
sizes and graduated cylinder 
(barely large enough to admit 
meterstick). Measure depth of 
water in each by inserting 
meterstick. Aquarium, analogous 
to macroscopic system, shows 
little effect. Cylinder, 
analogous to microscopic system, 
shows dramatic change. The larger 
the cross section of stick 
compared to cylinder, the greater 
the error in measurement due to 
water displaced by stick. 


RELATE to Heisenburg Uncertainty 
Principle and difficulty of 
measuring energy or speed of 
single electron. What about using 
meat thermometer to measure 
temperature of frog? 


AE At >4%/2 and Ap Ax >%/2 
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ATOMS, MOLECULES AND SOLIDS S-130 
lonization from Radiation Dischg.- Flame & Radioactivity 


DEMONSTRATION 

Hold candle flame near charged 
electroscope and it discharges leaves. 
Flame produces ionization of nearby 
air. Repeat demo with opposite charge 
on electroscope. Also see H-360. 


Holding weak radioactive source near 
electroscope may also cause discharge. 
Suggested source is type used in cloud 
chamber apparatus, which is usually 
weak alpha source. 


RELATED REFERENCES 


AJP 59, 544 (1991) - Simple system for radon-in-air concentration uses electrostatic 
precipitation in 20-liter container. 
TPT 30, 16 (1992) - Fast-moving handball picks up sufficient charge to show 
radioactivity from radon decay products. Activity vs time plot shown. 

j i SAFETY NOTE s ġe 


When handling radioactive sources, USE CARE. Wear disposable gloves. Do not smoke, 
eat, or drink while handling and wash hands thoroughly following use. BE CERTAIN you 
know something about relative strength of sources you handle. 


Ease of Setup/Construction: A/A 
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ATOMS, MOLECULES AND SOLIDS S-135 
lonization Counters High Field with Fine Wire 


DEMONSTRATION 

Connect high voltage supply and increase voltage to about 1 kV or 
until electrical breakdown (spark) occurs. Slightly decrease voltage. 
Breakdown will now occur whenever alpha source brought near wire 
indicating ionization produced by source. Exhale sharply near wire to 


blow ions away and stop discharge. Illustrates principle of operation 
of ionization counters. 


CONSTRUCT acrylic holder for stretching fine wire (1/4 mm dia) over 


top of metal plate (1mm away). Include insulated terminals for 
connections to power supply. 


RELATED REFERENCES 


AJP 53, 1212 (1985) - Similar to above with limiting resistor and capacitor. 
AJP 55, 356 (1987) - "A Flexible Nuclear Counter for an Introductory Physics 
Laboratory" =- U.Ill. designed. 

äi i SAFETY NOTE ji ? 


Voltages of several THOUSAND VOLTS are needed to produce these fields. USE CARE WITH 
any exposed leads. RADIOACTIVE sources should be handled with care to avoid 

ingesting. Wear disposable gloves. Do not smoke, eat or drink while using such 

sources and wash hands carefully after use. Handle sources at ends of glass rods or 

with tweezers. 


Ease of Setup/Construction: B/C 
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ATOMS, MOLECULES AND SOLIDS S-140 
lonization Paths Cloud Chamber 


DEMONSTRATION 

Demonstrate H-360, forming cloud in jug and 
discuss ionization of air by flames and 
radioactivity. Commercial apparatus shown 
here has low strength alpha source whose 
paths are made visible by condensation of 
water vapor formed on ions. Source is 
frequently polonium. 


ALTERNATE - Diffusion cloud chambers that 
are well-illuminated and easily visible by 
6-12 students at a time are available 
commercially. 


CONSTRUCT square cloud chamber with sides 
of window glass about 12 x 20 cm taped 
~ together. Use sheet aluminum for top and 
bottom plates. Glue felt to bottom side of 
top plate and soak felt in methanol to 
provide vapor. Set bottom plate on dry ice 
to provide temperature gradient. Use paper 
clip bent to form stand 1-2 cm above bottom 
plate. Glue small chip of alpha source to 
upper end of clip as source of 
radioactivity. 300-volt battery connected 
to top and bottom plates provides clearing 
field. HANDLE RADIOACTIVE sources with 
great care to avoid ingestion. 


RELATED REFERENCES 
AJP 54, 206 (1986) - Sketch of historical debate on "The Naming of the Deuteron". 


AJP 54, 473 (1986) - "A Simple Cloud Chamber for Television Display" - Alpha source 
is Th-232 from mantle from Coleman gas camping lantern. 


bi i SAFETY NOTE + i 
Use appropriate care with radioactive sources. Wear disposable gloves. Do not smoke, 
eat or drink while sources are in use. Wash hands thoroughly after using sources. 


Ease of Setup/Construction: A/C 


DICK and RAE Physics Demo Notebook 


02--93 Copyright 1993 by DICK and RAE, Inc. 


ATOMS, MOLECULES AND SOLIDS S-150 
Electrical Discharge Gas Discharge & Evacuated Tube 


DEMONSTRATION 

Use glass tube 30-50 cm long, vacuum pump and induction coil to show 
electrical discharge in air or other gases as function of pressure. 
Note change in nature of discharge as pressure decreases. DISCUSS mean 
free path. 


EVACUATED sealed tubes available commercially show that cathode rays 
normally travel in straight lines but can be deflected with magnetic 
fields and that they possess momentum and energy and can produce 
fluorescence. Can also excite with small Van de Graaff. 

In fluorescence some of the absorbed energy goes into excitation of 
atom and some into heat. The surface absorbs UV photons of higher 
energy and then emits photons of lower energy which are visible to 
eye. 


If your school or institution has OLDER SEALED TUBES, it would be wise 
to have them tested by qualified health physicist to assess any 
potential RADIATION HAZARDS for voltages you use. Some schools have 
stopped using sealed type because of danger of X-rays. 


RELATED REFERENCES 


TPT 25, 213 (1987) - Radiation from video terminals. 
TPT 29, 510 (1991) - Scripto "Electra" butane lighter can be adapted to demonstrate 
quantum theory using neon bulb to detect piezoelectric spark discharge. 

ji = SAFETY NOTE al i 


Induction coils used to excite gas discharge tubes produce voltages high enough to 
produce “soft” X-rays. Keep personnel several feet from tube during operation and 
ao operation to shortest practical time. USE CARE with exposed high voltage 
eads. 


Ease of Setup/Construction: B/C 
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ATOMS, MOLECULES AND SOLIDS S-170 
Blackbody Radiation Line Filament with R/G Filters 


DEMONSTRATION 

Connect bulb to light dimmer or autotransformer and slip two (or 
three) colored filter cylinders over bulb, leaving space between each 
to view white spectrum for contrast. Increase voltage slowly (photo 
shows 16.6 and 30.0 VAC) to observe no blue but much red at low 
filament temperatures and increasing intensity of blue with increasing 
temperature. From TPT 25, 402 (1987). 


Also instructive to have students view bulb thru diffraction grating 
to see contrast between white light spectrum and that from light thru 
each filter. 


CONSTRUCT by wrapping red filter around line filament bulb for 
reasonably tight fit and securing with small piece of transparent 
tape. Make length of this cylinder about 15 mm. Make a cylinder out of 
blue, and perhaps green, filter in similar fashion. 


RELATED REFERENCES 


TPT 29, 176 (1991) - Filament temperature determined by 2 methods using data on V & 
I for standard incandescent lamps. Resistance depends on T (abs) to 1.2 power. 
* . SAFETY NOTE y * 


Be careful if socket with exposed terminals is used. AC line voltage is DANGEROUS. 


Ease of Setup/Construction: A/A 
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Ne Eee 


ATOMS, MOLECULES AND SOLIDS S-180 
Ultra Violet Radiation Concave Reflection Grating 


DEMONSTRATION 

Place concave grating (commercially 
available) at about focal distance in front 
of H-4 mercury source. Adjust slightly to 
focus spectral lines on screen or piece of 
fluorescent card. To view U-V lines, 
carefully break glass envelope off H-4 bulb 
to expose sealed quartz inner element. 
Glass absorbs too much U-V. Reduce room 
light to allow comparison of position of 
VISIBLE violet lines with U-V made visible 
using fluorescent card. 


* * SAFETY NOTE = * 
With glass envelope removed, this lamp emits considerable ULTRAVIOLET. Excessive U-V 
can produce cataracts. Shield eyes of audience from DIRECT radiation. Remember line 
voltage AC is ALSO EXPOSED by removal of envelope. 


Ease of Setup/Construction: B/B 
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ATOMS, MOLECULES AND SOLIDS S-190 
Mass Spectrograph Analog Steel Ball in Magnetic Field 


DEMONSTRATION 

Mount sheet of acrylic on overhead projector with strong magnet 
beneath. Launch ball bearings with short piece of Al angle and observe 
deflection produced by magnet. Note effect of change of speed and/or 
mass on deflection by using different size balls and different heights 
of release. 


Ease of Setup/Construction: B/B 
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ATOMS, MOLECULES AND SOLIDS 
Periodic Structure Analog 


S-195 
Egg Crate Foam 


DEMONSTRATION 
Illustrate periodicity of crystal structure in atomic planes using as 


analog foam packing material or invalid’s bed cushion referred to as 
"egg crate". 


Ease of Setup/Construction: A/A 
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ATOMS, MOLECULES AND SOLIDS S-200 
Crystal Structure Analog Tennis Balls & Ball Bearings 


~~ — =i 


DEMONSTRATION 


TENNIS BALLS - Arrange tennis balls in various crystalline models 
constructing several layers (planes). Face centered cubic is shown. 


CONSTRUCT using frame to retain balls. Can also use "egg crate" foam. 
If ball supply is plentiful, permanent models can be made using small 
amount of white glue or hot glue to retain shape. Interesting effects 
seen by placing this matrix in a mirror corner cube. See 0-130. 


BALL BEARINGS - Place frame on overhead to illustrate vacancies and 
dislocations in crystals. Shake several times and observe again. 


CONSTRUCT. clear acrylic enclosure about 8x8 cm for use on overhead. 
Allow about 3 mm between sheets to accomodate 3/32" dia ball bearings 


(about 2200). Arrange sides butted at 90 deg and at 120 deg to show 
cubic and hexagonal packing. 


RELATED REFERENCES 
TPT 26, 384 (1988) - "A Mechanical Lattice Aid for Crystallographic Teaching" 


Ease of Setup/Construction: A/B 


DICK and RAE Physics Demo Notebook 


02--93 Copyright 1993 by DICK and RAE, Inc. 


ATOMS, MOLECULES AND SOLIDS 
Bragg Scattering Analog 


DEMONSTRATION 
Use 0-515. 


ATOMS, MOLECULES AND SOLIDS 
Hole Motion Analog 


DEMONSTRATION 
Use M-102. 


ATOMS, MOLECULES AND SOLIDS 
Line Spectra 


DEMONSTRATION 
Use O-510. 


S-210 
Wire and Photo Mesh with Laser 


S-215 
Bubble in Water-filled Tube 


S-220 
Transmission Grating 
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ATOMS, MOLECULES AND SOLIDS S-225 
Powder Diffract.Pattern Analog Scarf and Hosiery 


DEMONSTRATION 

Hold silk scarf, handkerchief or piece of 
panty hose in front of eye and view lamp 
bulb (15W-25W) at distance of several 
meters. Optical diffraction pattern is 
similar to that of X-rays diffracted from 
fine powder. 


APPLICATION is use of X-ray pattern to 
identify powders from spacing between atoms. 


“GEORGE” By G. Freier 


ART OF THE PHOTONS 
COES THRU EACH SLIT 
AND INTERFERES ON 
THE OTHER SIDE 


e CO Sy ee, 


{OUR DESCRIPTION) 
| REMINDS ME 4 
= oF Tk SING F 

i 
“a \ CARTOON y 


() í 


li 


Ease of Setup/Construction: A/A 


DICK and RAE Physics Demo Notebook 
04--93 Copyright 1993 by DICK and RAE, Inc. 


NUCLEAR PHYSICS 


Radioactivity 


2* = 16 


Adding Areas at Left 

2°= 1429421427493 
Result is: 

2°+2'+274+23= 24-4 


RELATED REFERENCES 
TPT 24, 444 (1986) - Excellent lab starting with 1 drop in water bucket, 2 drops 10 
s later, 4 drops 10 s later, etc. until 2 to 3 gal bucket is filled. Also teaches 
planning procedure. Result about 18 doubling times or 3 min to complete. 

TPT 28, 611 (1990) - Same as poker chips above but use M&M candy. Can also use 
caramels (cubic) with different "decay" rules. 


Fase of Setup/Construction: 


04--93 


S-250 
Chips-Cups-Nickels-Dominoes 


DEMONSTRATION 

Place in bag poker chips of 3 colors 
- red for unstable (hot) nuclei, 
white for stable, blue for background 
(if desired). Suggested starting mix 
is 20% unstable(R), 75% stable(W), 5% 
background (B). Keep some white chips 
aside as replacements for red chips 
which "decay" to white on each 
"count". Perhaps B=20, R=120 and 
W=280 with another 120 W’s to replace 
R’s. Ref: TPT 26, 28 (1988). 


Shake bag vigorously and remove group 
of chips without looking at colors. 
Record number of R and B chips. 
Return B’s to bag (to maintain 
background probability) and replace 
all R’s with W’s (to keep mass of 
sample constant). Reshake and sample 
again. Repeat until no R (unstable) 
remain. 


CUPS, WOODEN NICKELS and DOMINOES, in 
stacks, graphically illustrate 
exponential function. Place across 
front of desk 5 or 6 stacks having 
following numbers of items: 1, 2, 4, 
8, 16, 32. Total number of items is 2 
to the 6th power minus 1, or 63 
items. Also note to class that each 
stack contains only one less than the 
sum of ALL preceeding stacks. USE 
diagram at left to evaluate this sum 
graphically. When cups are used, note 
that it is RIMS which are being 
doubled, i.e., ignore the rest of 
cup. 
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NUCLEAR PHYSICS S-255 


Scattering Analog Marbles on Base of Book Rack 


DEMONSTRATION 


Roll balls of various size and mass down ruler or launcher aimed at 


hole or "nucleus". Try to adjust speed and direction to achieve 
"capture". 


CONSTRUCT from base from greeting card display to provide 
gravitational analog to scattering field of nucleus. By cutting off 
top to provide center hole of appropriate dimensions, "capture" can be 
illustrated. Masonite sheet is cut to butt up to base for even fit. 
Balls from various size roll-on deodorant bottles make good 


"particles". Plastic ruler having groove down center can be glued to 
wood block as launcher, if desired. 


RELATED REFERENCES 


TPT 26, 9 (1988) - Particle size and interaction with other particles and container 
wall.. 
TPT’ 29, 62 (1991) - "Squirt-Gun Scattering" - Paper towel, as detector, used to 


gather data for scattering statistics. Cost $10. 
Ease of Setup/Construction: A/A 
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NUCLEAR PHYSICS S-260 
Induced Reaction Analog Marbles in Saucer 


DEMONSTRATION 

Simulate nuclear reactions produced by high-speed particles by using 
marbles accelerated down sloping Al channel into saucer. Those in 
Saucer are analogous to target nuclei. Include several ball bearings 
of differing sizes. Show effect of speed by launching from different 
heights and angles and effect of mass and increased momentum of 
projectile by using different ball bearings. Ball with sufficient 
momentum can cause ejection of one or more marbles from saucer. 


DISCUSS analogy to bombarding nuclei with particles of ever increasing 
mass - proton, deuteron, alpha. 


RELATED REFERENCES 

TPT 28, 26 (1990) - "Three Mechanical Models of Chaos" - Chaotic motion shown with 
paper clip "pendulum" swinging over 2 magnets, steel balls rolling in "double well" 
of door mat, and rolling Ping Pong ball on balanced beam. 


Ease of Setup/Construction: A/A 
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NUCLEAR PHYSICS S-265 
Chain Reaction Analog Mouse Traps & Silicone Balls 


DEMONSTRATION 

Spring-loaded mouse trap set 
with small silicone ball 
(superball) simulates 
fissionable nuclide. 
Assemble 30-50 of these and 
place inside acrylic 
enclosure. "Trigger" neutron 
(another silicone ball) 
dropped thru hole in center 
of enclosure initiates 
"Chain reaction". Some 
"nuclides" usually remain 
unaffected. Ping Pong balls 
are not as effective as 
heavier silicone balls. 
BEWARE =- Spontaneous 
fissions can occur during 
set up of 30-50 traps! 


CONSTRUCT acrylic enclosure 
about 60 x 60 x 25 cm high. 


Figure below from Edwin 
Jones/Richard Childers, 
"Contemporary College 
Physics", @1991 by 
Addison-Wesley Publishing 
Co., Inc. Reprinted with 
permission of the publisher. 


LF 


= 4 


F 
AS 
a 


— — Lost 
neutron 
~ Ti 


First Second Third Fourth 
gervration generation generation generation 
neutrons neutrons neutrons 


RELATED REFERENCES 
TPT 26, 514 (1988) - Instead of mousetraps, use students to toss balls into air. 


Ease of Setup/Construction: C/B 
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NUCLEAR PHYSICS 
Spin Echo Analog 


RELATED REFERENCES 


S-270 
Glycerine Cylinder 


DEMONSTRATION 

Illustrate reversibility with absolutely 
amazing un-mixing demo. Annular region 
between two concentric cylinders is — 
filled with gylcerine. Long needle 
syringe filled with red dye is inserted 
to bottom of annulus and slowly raised 
leaving vertical line of dye. Inner 
cylinder is then rotated ~10-12 rev. Dye 
is apparently well-mixed with glycerine. 
Actually, it lies in a fine one-arm 
spiral. If motion is reversed EXACTLY 
same number of turns, spiral is unwound 
and original line of dye is established 
approximately. This is one of Lord 
Kelvin’s demos discussed in TPT 18, 16 
(1980). 


DISCUSS entropy and reversibility. 


CONSTRUCT of large dia. acrylic tubing. 
Inner cylinder, shown on right in photo, 
is 19 cm high and 11.5 cm OD with brass 
crank attached. Outer cylinder is 14.5 
cm ID and 22 cm high (inside meas). This 
provides 3-cm annulus for glycerine. 


AJP 28, 348 (1960) - Analog of spin echo technique in NMR studies. 


Ease of Setup/Construction: 


B/C 
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PARTICLE PHYSICS S-300 
Annihilation Spoof Strobe Light 


DEMONSTRATION 

Connect photo strobe light, battery and switch in series. While out of 
student’s sight, conceal assembly on person with switch near belt so 
it can be activated with elbow. Place strobe in waistband. At 
appropriate time, pick up tiny "piece of matter" in one hand and 
similar piece of antimatter in other. Bring hands slowly together and 


activate switch with elbow. VOILA! Matter and antimatter annihilate 
releasing visible radiation. 


RELATED REFERENCES 


TPT 30, 123 (1992) - "Stroboscopic Effects" - Historical review of ways to achieve 
Slow motion viewing. 


Ease of Setup/Construction: B/B 
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PARTICLE PHYSICS 
Conservation Laws 


DEMONSTRATION 
See M-390. 


PARTICLE PHYSICS 


Time Reversal Invariance 


DEMONSTRATION 
See M-586. 


PARTICLE PHYSICS 
Field Particle Analog 


DEMONSTRATION 
See M-312. 


$-310 
100 + 100 is NOT always 200 


S-320 
3 to 1 Mass Collision 


S-330 
Two Carts and Medicine Ball 
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EARTH SCIENCE S-360 

Curvature of Earth Sight Distance at Sea 
DEMONSTRATION 
What is distance to horizon on calm sea for observer at given height 
above water? Or, given height of ship’s officer above sea, at what 
distance can person 6 ft tall in rowboat near the horizon just be 
seen? 


APPLICATION is helium-filled, radar-reflecting balloon on 20-m line 
used as emergency device for lifeboats. 


R? + S? = (Rth)? = R? + 2Rh + h? 
5 = (2kh)"* where h? << 2Rh 


If S in miles and h in feet, 


[2(3960)h/5280)'/ = [1.5h)'/? 


Line of Sight Distance in miles 


Radius of Earth = 3960 miles 


7 DA Nn UW 
Il 


Height of tower (or person) in feet 


Person 6 ft tall standing in ocean surf can see horizon at 3 miles. 
"Level" is defined as tangent to earth's surface. Thus football field 
100 ft wide has "crown" in center of h based on S=50 ft. or 0.00072 
inches. Airport runway has crown of 8 inches, based on S = 1 mile, 
i.e., person must have eye 8" above midpoint of runway to see either 
end. 


QUESTION: If person 6 ft tall is in rowboat on caim sea, at what 
distance can he/she see top of 54-ft mast on sailboat (boat is "over" 
the horizon)? Try drawing figure similar to one above. Answer is 12 
miles (from 3+9), but 15 ft swells can complicate a rescue! 


RELATED, mind-boggling QUESTION: Given string exactly circling sphere 
of radius same as earth, how much ADDITIONAL string is needed to raise 
the given string so it is 1 m above surface of sphere everywhere? 
ANS. C= 2TYR so dC = 21TdR and dR= 1 m so dC = 6.28 m 
Add 6.3 m of string to 6.38 Megameters! 


RELATED REFERENCES 
TPT 25, 500 (1987) - Earth radius calculated from geometry and data taken aboard 
plane. 


Ease of Setup/Construction: A/A 
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EARTH SCIENCE S-370 
Bulge of Earth Rotating Straps 


DEMONSTRATION 


Two bronze spring straps rotated about vertical axis simulate bulge of 
spinning earth. 


DISCUSS reduction of "g" at equator due to centripetal force required. 
Also good time to add reduction of "g" at pole because of reduced 
radius there. 


If S is reading ON THE EQUATOR of scales on which' body is placed and F 
is force by Newton’s Law of Universal Gravitation; M is earth’s mass, 
R its radius and T its period 


F-S = mv*/r M = 5.98 x m” kg 
S = mg = GMm/R*- mv2/R R = 6.38 x 10° m 

g = GM/R*- (2MRÊ /RT* = 1 da = 86,400 s 
J = Jo - 4M? R/T? 

g = 9.81 - 0.034 = 9.78 m/s or 0.34% difference 


RELATED REFERENCES 


TPT 25, 426 (1987) - "Estimating Power in the Tides" - Tidal friction calculated at 
2.6 terawatts. 


Ease of Setup/Construction: A/C 
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EARTH SCIENCE S-380 
Conic Sections Slit Beams on String Cylinder 


DEMONSTRATION 

Project light beam from Carousel across strings. Use as "slides" some 
of designs shown. Pick up projector (GENTLY with fragile hot filament) 
and rotate at various angles to produce plane of light on strings 


illustrating conic sections. Rotate top disk relative to bottom to 
form cone of strings. 


CONSTRUCT using two masonite disks about 50 cm dia with holes at 
circumference of each about 5 cm apart. Affix cylinder and thumbscrew 
to each at center and attach rod about 1 m long to separate disks. 
"Slides" made from Al, but satisfactory ones can be done from manila 
folder using razor blade. 


IDEA - Place disk on turntable and rotate with photo slide to see 
pictures on moving screen and visible from positions on opposite side 
from projector - about 330 deg around! 


See "DANCING CURVES-A Dynamic Demonstration of Geometric Principles" 
by Merwin J. Lyng, Mayville College, Mayville, SD. - Available from 
Nat’1l Council of Teachers of Math, 1906 Associates Dr., Reston, VA 
22091. 


RELATED REFERENCES 


AJP 59, 1002 (1991) - Inverse derivation of conic section eqs. Derived from first 
principles as surfaces which reflect light rays in different ways. 


Ease of Setup/Construction: B/C 
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EARTH SCIENCE 
Planetary Motion 


— George by G. FREIER— 


Jog EER 
-CONE MEASURE THE 
DISTANCE TO STARS 
NPARSECS 7 


(L DIDNT REALIZE) 
THAT THERE WAS 


Ease of Setup/Construction: A/C 


S-390 
Orrery--Ball on String in Tube 


DEMONSTRATION 

Commercially available model of Sun, 
Earth, Moon and one other planet. 
Chain coupling to properly simulate 
relative motion of these bodies. 


BALL ON STRING in glass tube is shown 
in M-742. Whirl ball in horizontal 
circle while holding glass tube 
vertical. Rotational speed and radius 
must match via string tension to 
weight of washers hanging vertically. 
Show that smaller r, with same number 
of washers, requires larger angular 
speed. 


Planetary motion requires: 


GMm/r2 = mefr = m (277/T)* r 


or TŽ = 4y*r3/cM where 

r = mean orbital radius (circle) 
M = mass of central body 

T = orbital period 


This is Kepler’s Third Law. 
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EARTH SCIENCE 
Planetary Motion 


Ease of Setup/Construction: 


S-400 
Acrylic Drawing Aids 


DEMONSTRATION 

Draw planetary orbits of eccentricity 
unity (circle), and higher, to 
illustrate apogee and perigee. Use with 
group of demos on conservation of 
angular momentum, M-742 thru M-800. 


CONSTRUCT using 1/4" thick acrylic 
sheet with thin "feet" on one side so 
as not to drag across chalk board. 
Install wooden knob at convenient 
location as hand hold. Scribe lines 
along major and minor axes. 


IDEA - Add tape on upper surface in 
shape of arrows scaled to proper length 
for velocity at perigee and apogee and 
place unit on overhead. 


A/B 
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NOTES 


